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MEDICAL 


T1  IE  following  Plan  of  a Courfe  of  Ledturcs 
on  the  Principles  of  Natural  Philofophy 
was  drawn  up  in  confequcnce  of  the  author’s  ap- 
pointment to  read  the  Plumian  Lectures  on  Ex- 
perimental Philofophy  and  Practical  Ajlronomy.  Some 
proportions  are  added,  befides  thofe  which  can  be 
lubje&ed  to  experimental  proof,  in  order  to  pre- 
ferve  their  connexion,  that  it  might  at  the  fame 
time  diredt  the  theoretical  ftudent.  Such  obferva- 
tions  are  added  as  were  judged  might  be  ufeful, 
both  to  illuftrate  the  experiments  and  afTift  the 
reader. 
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ON  ATTRACTION  AND  REPULSION. 

Pr.  i.  A LL  bodies  upon  the  earth’s  furface 
JT \.  have  a tendency  to  move  towards  it. 

This  tendency  of  bodies  towards  the  earth  arifes  from  the  compound 
tendency  towards  all  its  parts.  For  by  an  experiment  made  by  Dr. 
Maskelyne  upon  the  fide  of  the  mountain  Schehallian,  he  found  that 
a pendulum  had  a tendency  towards  the  mountain.  Allowing  there- 
fore the  tendency  which  all  bodies  upon  the  earth  have  to  every  part 
of  the  earth,  it  will  follow  that  every  part' of  the  earth  has  a like 
tendency  to  every  body  upon  the  earth.  For  if  A have  a tendency  to  B, 
and  A and  B be  matter  of  the  fame  kind,  B mult  have  a like  tendency 
to  A.  The  tendency  of  the  pendulum  towards  the  mountain  was  ob- 
ferved  to  be  much  lefs  than  the  tendency  of  a body  towards  the  whole 
earth.  The  tendency  therefore  of  A towards  B appears  to  be  greater 
the  greater  B is.  A fmall  body  will  therefore  have  a greater  tendency 
towards  a large  one,  than  a large  body  has  towards  a Trnall  one.  This 
power  by  which  bodies  are  thus  made  to  approach  each  other  is  called 
attraction  of  gravitation. 

If  a glafs  bubble  be  placed  upon  water  in  a veflel  near  to  its  fide,  it 
is  obferved  to  move  up  to  the  fide.  Or  if  two  light  bodies  be  laid, 
upon  water  near  to  each  other,  they  will  move  up  to  each  other,  and 
the  fmalleit  body  will  move  the  failed.  Thefe  have  been  brought  as 
initances  of  the  attraction  of  the  bubble  to  the  fide  of  the  veflel,  and 
of  the  mutual  attraction  of  the  bodies  towards  each  other;  but  the  mo- 
tions which  they  are  obferved  to  have  are  much  greater  than  what 
could  arife  from  the  attraction  of  gravitation.  If  a cork  be  laid  upon 
water,  and  another  cork  be  holden  near  to  it  without  touching  the  water, 
it  will  produce  no  effeCt;  but  as  foon  as  the  cork  is  put  into  the  water 
the  other  cork  moves  up  to  it.  They  do  not  come  together  therefore 
by  their  mutual  attraction. 
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2.  If  two  glafs  planes  be  moiftened  with  oil 
and  inclined  at  a very  fmall  angle,  and  a drop  of 
oil  be  put  between  them,  it  will  move  towards 
their  concourfe. 

This  proves  that  there  is  an  attraction  between  the  glafs  and  the  oil. 
The  attraftion  which  is  obferved  to  take  place  between  two  bodies  in 
contaCt,  is  called  the  attraction  of  cohesion. 

3.  If  two  globules  of  quicklilver  lying  on  a 
fmooth  plane  be  brought  to  touch,  they  imme- 
diately rulh  together  and  form  one  globule. 

This  can  arife  only  from  their  ftrong  attraction.  Drops  of  water 
■will  do  the  fame. 

4.  Water  is  attradted  by  glafs. 

This  appears  from  its  rifing  at  the  edge  of  a glafs  velTel  above  the 
level  of  the  other  part.  Alfo  if  very  fmall  glafs  tubes  be  dipt  in  water, 
the  water  will  Hand  in  them  above  the  level  of  the  water  in  the  veffel. 
Or  if  two  glafs  planes  forming  a fmall  angle  be  immerfed  perpendicu- 
larly in  water,  the  water  rifes  between  them  above  the  furface  in  the 
veffel,  and  the  height  is  greater  the  nearer  to  the  concourfe  of  the 
planes.  The  curve  terminating  the  top  of  the  water  between  the  planes 
is  an  hyperbola. 

5.  Quicklilver  is  attracted  by  glafs. 

For  a globule  of  quickfilver  will  adhere  to  the  under  fide  of  a clean 
piece  of  glafs.  Its  attraction  therefore  to  the  glafs  mull  be  greater  than 
its  gravity. 

6.  The  particles  of  water  are  more  ftrongly 
attradted  by  glafs  than  by  each  other. 

1 his  appears  from  the  rifing  of  the  water  in  fmall  glafs  tubes,  and 
between  the  glafs  planes,  above  the  level  of  the  water  in  the  veffel. 

7.  The  particles  of  quickfilver  attradt  each 
other  more  than  they  are  attradted  by  glafs. 

. For  glafs  tube  be  put  into  quickfilver,  the  quickfilver  will  not 
rife  in  it  fo  high  as  the  furface  of  the  quickfilver  in  the  veffel.  Alfo  if 
two  glafs  planes  be  put  perpendicularly  into  quickfilver,  and  be  inclined 
at  a fmall  angle,  the  quicklilver  will  ftand  at  a lefs  height  between  them 
than  that  of  the  furface  of  the  fluid  in  the  veffel.  The  curve  terminating 
the  iurface  is  an  hyperbola.  ® 

8.  Mercury 


MECHANICS. 


0 

8.  Mercury  attracts  filver  more  ftrongly  than 
it  does  lead,  lead  more  flrongly  than  brafs  and 
brafs  more  flrongly  than  fleel. 

It  is  remarkable  that  the  chemical  affinities  of  thefe  bodies  to  mer- 
cury follow  the  fame  order. 

9.  If  two  polifhed  plane  furfaces  of  metal,  &c. 
be  befmeared  with  oil,  greafe,  &c.  and  prelied  to- 
gether, they  are  obferved  to  cohere  very  flrongly. 

The  oil  fills  up  the  cavities  and  diilodges  the  air,  which  prevents  the 
attraction  of  cohefion  from  taking  place.  If  the  air  be  expelled  by 
different  fubftances,  as  oil,  turpentine,  greafe,  & c.  it  is  found  that  the 
attraction  of  cohefion  is  different.  Thefe  fubftances  therefore  tend,  in 
fome  way  or  other,  to  affeft  the  attraction.  It  is  this  attraction  of  co- 
hefion by  which  the  parts  of  a body  are  kept  together.  When  you 
break  a body  you  only  overcome  this  attraction,  and  could  you  join 
again  the  parts  exaCtly  in  the  fame  manner,  it  would  be  as  llrong  as  it 
was  before.  The  foldering  of  metals,  glueing  of  bodies,  &c.  is  only 
the  bringing  of  the  conftituent  particles  fo  near  that  the  attraction  of 
cohefion  may  take  place.  The  folder  and  the  glue  attach  themfelves 
to  each  body  upon  this  principle,  and  thus  connect  the  bodies.  It  feems 
as  if  a contaCt  of  the  parts  muft  take  place  before  this  effeCt  can  be  pro- 
duced, for  if  the  body  be  not  well  cleaned  the  folder  will  not  hold  them 
fo  firmly  together. 

Hence  we  may  explain  why  fome  bodies  are  hard,  others  foft,  others 
fluid,  &c.  Hard  bodies  may  confift  of  particles  which  touch  in  a great 
part  of  their  furfaces,  and  thus  they  will  have  a great  power  of  attrac- 
tion. The  conftituent  particles  of  foft  bodies  may  touch  in  a lefs 
quantity  of  furface,  by  which  the  attraction  will  be  weakened.  And 
fluids  may  confift  of  globular  particles,  which  touching  each  other  only 
in  one  point,  their  attraction  muft  be  fo  weak  as  to  permit  them  to  move 
with  the  utmoft  facility  amongft  each  other.  Elafticity  may  arife  from 
the  particles  of  a body  when  difturbed  not  being  drawn  out  of  each 
o ’'ers  attraction;  as  foon  therefore  as  the  force  upon  it  ceafes  to  aft, 
th.  y reftore  themfelves  to  their  former  poiition. 

Solids  are  diffolved  in  menftruums  from  the  particles  of  the  folid 
being  more  attrafted  to  the  fluid  than  to  themfelves.  And  precipita- 
tion arifes  from  the  fame  caufe ; for  if  to  the  folution  of  any  folid  in  a 
fluid,  fome  other  folid  or  fluid  be  added  whofc  particles  are  attrafted 
by  the  fluid  with  a greater  force  than  thofe  of  the  folid  which  was  dif- 
folved, that  folid  becomes  difengaged  and  falls  to  the  bottom  in  a fine 
powder.  Thus  filver  diflolved  in  aqua  fortis  is  precipitated  by  copper. 


10,  If  feveral  bodies,  as  glafs,  amber,  fealing 

a 2 wax,  &c. 
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wax,  &c.  be  rubbed  with  dry  woollen  cloth,  they 
will  both  attract  and  repel  light  bodies. 

This  is  called  electrical  attradion  and  repulfion. 

1 1 .  The  fame  poles  of  two  magnets  repel,  and 
the  contrary  poles  attradt  each  other. 

This  is  called  magnetic  attradion  and  repulfion. 

The  exiftence  of  an  elailic  fluid  proves  that  the  particles  mud  be 
kept  at  a difiance  by  a repulfive  force.  The  difficulty  of  mixing  many 
fluids,  as  oil  and  water,  probably  arifes  from  the  repulfion  between  the 
particles.  That  metals  when  diffolved  in  fluids  fhould  diffufe  them- 
ielves  equally  through  the  fluid,  has  been  fuppofed  to  be  owing  to  a 
repulfive  force,  which  takes  place  after  the  particles  are  feparated  to  a 
certain  diftance. 

From  the  principle  of  attradion  and  repulfion  Sir  I.  Newton  ac- 
counts for  all  the  phenomena  of  nature.  By  the  attradion  of  gravita- 
tion he  accounts  for  the  motions  of  the  heavenly  bodies ; and  for  the 
motions  between  the  component  particles  of  bodies  by  attradion  and  re- 
pulfion. But  why  the  particles  fhould  in  fomc  cafes  attrad  and  in  others 
repel,  he  attempts  not  to  explain.  See  his  Optics,  Qu.  3 1. 


LAWS  OF  MOTION. 

12.  Every  body  perfeveres  in  its  ftate  of  reft  or 
uniform  motion  in  a right  line,  until  fome  exter- 
nal force  adts  upon  it. 

For  no  effed  can  be  produced  without  a caufe,  and  no  caufe  is  here 
fuppofed  to  ad,  the  body  being  fuppofed  to  be  void  of  felf  motion. 
The  force  with  which  a body  refills  any  change,  is  called  its  vis 
inertia. 

13.  The  change  of  motion  is  in  proportion  to 
the  force  imprelfed,  and  takes  place  in  the  diredtion 
in  which  the  force  adts. 

The  firfl:  part  of  this  is  only  meafuring  the  effed  by  the  caufe,  fup- 
pofed to  ad  for  the  fame  time;  and  the  fecond  part  is  manifeit,  it  being 
evident  that  the  effed  of  the  force  mull  take  place  in  the  line  in  which 
it  ads. 

14.  Adtion  and  readtion  are  equal  and  contrary. 

The  meaning  of  this  is,  that  when  two  bodies  move  in  oppofite  di- 
rections and  111  ike  each  other,  they  lole  equal  quantities  of  motion  in 

their 
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their  refpedtive  directions,  meafuring  the  motion  by  the  velocity  and 
quantity  of  matter  conjointly;  and  it  they  move  in  the  lame  direction, 
the  quantity  of  motion  which  the  ftriking  body  lofes  in  that  direction, 
the  other  gains.  Hence  the  quantity  of  motion  in  the  fame  direction 
is  not  altered  from  the  collifion  of  bodies. 

This  may  be  proved  either  direCtly  by  experiments,  or  by  afluming  the 
principle  and  Ihowing  that  the  theory  of  the  collifion  of  bodies  agrees 
in  all  cafes  with  the  experiments.  Sir.  I.  Newton  eftabliftied  its  truth 
by  experiments  of  the  latter  kind,  by  fufpending  two  elaftic  balls  and 
letting  one  defccnd  in  a circular  arc  and  ftrike  the  other;  and  by  eiti- 
matin£  the  velocity  of  the  ftriking  body  before  impaCt  and  of  each 
after,  he  found  the  law  to  obtain.  See  the  principia.  Scholium  to 
the  Laws  of  Motion. 

Thdfe  three  laws  of  motion  are  aftumed  by  Sir  I.  Newton  as  the 
fundamental  principles  of  mechanics;  and  the  theory  of  all  motions 
deduced  from  them,  as  principles,  being  found  to  agree  in  all  cafes 
with  experiments  and  obfervations  where  they  can  be  applied,  thefe 
laws  are  conftdered  as  mathematically  true. 

ON  THE  COMPOSITION  AND  RESOLUTION  OF 

MOTION,  AND  THE  MECHANICAL  POWERS. 

15.  If  a body  be  in  motion  and  another  body 
be  projected  from  it,  the  latter  body,  b'efides  its 
projedlile  motion,  will  retain  the  motion  of  the 
former  body. 

It  was  at  firft  objected  to  the  earth’s  motion,  that  in  that  cafe  a ftone 
thrown  perpendicularly  upwards  ought  not  to  fall  down  again  in  the 
lame  place,  but  to  be  left  behind.  But  the  contrary  admits  of  a very 
fatisfadlory  proof  by  experiment. 

16.  If  a body  be  adled  upon  by  two  fmgle  im- 
pulfes,  or  by  any,  two  continued  forces  each  of 
which  always  adts  parallel  to  itfelf,  it  will  not  by 
one  of  the  motions  A be  hindered  by  the  other  B 
from  approaching  a line  parallel  to  the  direclion 
in  which  B takes  place. 

Upon  this  principle  depend  the  compofition  of  motion  and  the  doc- 
trine of  projectiles. 

17.  If  a body  be  adted  upon  by  any  two  (ingle 

im- 
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impulfes,  it  will  defcribe  the  diagonal  of  a paralle- 
logram in  the  fame  time  it  would  have  defcribed 
either  fide,  had  the  forces  adled  feparately. 

1 8.  If  a body  be  kept  at  reft  by  three  forces, 
and  in  the  directions  in  which  they  aCt  lines  be 
drawn  from  the  body  proportional  to  them,  and 
any  two  of  thefe  lines  be  completed  into  a paralle- 
logram, the  diagonal  will  be  equal  and  oppofite  to 
the  third  line. 

Hence  any  two  forces  may  be  compounded  into  one  which  {hall  in 
every  refped  be  equivalent  to  them ; and  therefore  converfely,  any  fingle 
force  may  be  refolved  into  two  in  any  two  diredions,  by  defcribing 
upon  the  line  reprefenting  the  fingle  force  a parallelogram  whofe  fides 
lhall  lie  in  the  required  diredions. 

19.  When  a body  is  kept  at  reft  by  three  forces, 
they  will  be  as  the  three  fides  of  a triangle  parallel 
to  the  directions  in  which  they  a6t. 

For  they  are  reprefented  by  the  diagonal  and  two  fides  of  the  paral- 
lelogram forming  a triangle,  two  of  whofe  fides  lie  in  the  diredion  of 
two  of  the  forces,  and  the  third  fide  parallel  to  the  third  force,  and  if 
lines  be  drawn  parallel  to  thefe  diredions  they  will  form  a fimilar  tri- 
angle, and  therefore  the  proportion  of  the  fides  will  be  the  fame.  It 
follows  alfo  that  the  three  forces  will  be  as  the  refpcdive  fides  of  a tri- 
angle perpendicular  to  which  they  ad,  becaufe  fuch  a triangle  will  be 
fimilar  to  the  other.  The  three  forces  mull  be  all  direded  to  the  fame 
point,  othenvife  they  will  give  the  body  a rotatory  motion. 

Cor.  Hence  the  converfe  is  true,  that  if  a body  be  aded  upon  by 
three  forces  proportional  to  the  three  fides  of  a triangle  parallel  to 
which  they  ad,  it  will  be  at  reft. 

20.  If  a body  B reft  upon  a ftring,  between  two 
pullies  in  an  horizontal  pofiton,  being  balanced  by 
two  equal  bodies  A , A hanging  on  oppofite  fides, 
the  diftance  of  B from  the  horizontal  line  joining 

B d 

the  pullies  will  be  J being  half  the 

diftance  of  the  pullies. 


If 
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If  drz.  12  In.  A~\  oz.  B — 3 oz.  the  diftance  of  .5  from  the  hori- 
zontal line  = 4,85  in.  , 

21.  If  the  power  and  refiftance  aft  perpendi- 
cular to  the  Tides  of  a wedge  at  reft,  they  will  be 
as  the  three  refpeftive  Tides. 

This  follows  from  the  obfervation  to  propofition  19,  by  fubfti- 
tuting  a triangle  for  the  body,  and  conceiving  the  three  forces  to  adt 
perpendicular  to  the  three  fides. 

By  the  refolution  of  motion,  the  effedt  of  any  force  oblique  to  a plane 
in  a diredtion  perpendicular  to  it,  varies  as  the  force  x fin.  Inch  there- 
fore if  the  power  P and  refiftances  R,  R,  adl  obliquely  to  the  fides  of 
the  wedge  at  the  angles  p,  r,  r refpedtively,  the  back  and  refpedtive 
fides  will  be  as  P x fin.  p,  R X fin.  r and  R'  x fin.  r . It  is  here 
fuppofed  that  the  part  of  the  force  adting  parallel  to  the  fide  is  all  loft: 
on  account  of  die  obliquity  at  which  the  forces  adt,  which  can  only 
hold  upon  fuppofition  that  there  is  no  fridtion. 

When  a wedge  is  driven  into  a piece  of  wood,  the  fridtion  is  greater 
than  the  power  necefiary  to  preferve  the  equilibrium;  for  when  the 
power  ceafes  to  adt  at  the  back,  the  fridtion  prevents  the  refinances 
from  driving  it  out,  which  they  neceiTarily  would  when  the  power  was 
removed,  were  it  not  for  the  fridtion.  In  like  manner  nails,  pegs,  &c. 
are  retained  by  fridtion,  for  being  made  tapering,  the  effedt  of  the  re- 
finance of  the  wood  is  to  drive  them  out. 

In  the  enimation  of  the  proportion  of  the  power  to  the  weight  in 
all  the  mechanic  powers,  there  is  fuppofed  to  be  an  equilibrium  be- 
tween them. 

22.  If  any  two  weights  balance  each  other  when 
hung  upon  a ftraight  lever,  they  will  be  to  each 
other  inverfely  as  their  cliftances  from  the  fulcrum. 

Hence  when  the  diftances  are  equal  the  weights  are  equal,  which  is 
the  cafe  with  the  common  fcales. 

If  the  arms  a,  b,  are  not  of  an  equal  length,  the  true  weight  <v  will  be 
a geometrical  mean  between  the  weights  m and  n which  will  balance  it 

when  hun?  firft  on  one  end  and  then  on  the  other;  for  let  ‘v’  m "f  \ 

6 v.n::b:a  J 

rvz : mn  ::  ab : ab,  hence  rv1  — mn  and  m\cv\\’v\n.  Now  as  a geome- 
trical mean  is  greater  than  an  arithmetical,  half  m -f  n is  greater  than 
‘v,  confequently  half  the  fum  of  the  two  weights  on  a falfe  balance 
gives  more  than  the  true  weight. 

, It  follows  alfo  from  this  prop,  that  when  two  men  carry  a weight 
upon  a lever  lying  on  their  fhoulders,  that  the  part  which  each  bears 
is  inverfely  as  his  diftance  from  the  weight. 

A lever  is  defined  to  be  an  inflexible  rod  void  of  gravity  and  move- 
able  about  a fulcrum.  But  as  every  body  has  gravity,  the  lever  is  ba- 
lanced 
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lanced  before  the  weights  are  applied,  fo  that  no  effedt  bat  that  of  the 
weights  are  to  be  confidered.  A ftraight  lever  is  that  where  the  points 
to  which  the  weights  are  applied  and  the  fulcrum  are  in  the  fame 
ftraight  line,  in  which  cafe,  if  the  lever  be  in  equilibrio  in  one  pofition, 
it  will  in  all  others,  and  therefore  its  weight  may  in  all  cafes  be  neg- 
ledled.  A bent  lever  mull  alfo  be  fo  conilrudted  as  to  be  in  equilibrio 
in  any  pofition,  otherwife  its  property  cannot  be  experimentally  proved ; 
that  is,  by  conftru&ing  the  lever  fo  that  the  center  of  fulpenfion  may  be 
the  center  of  gravity.  A ftraight  lever  having  the  forces  applied  obliquely 
becomes  fimiliar  to  a bent  lever,  fo  far  as  the  forces  produce  an  equili- 
brium; for  after  refolving  each  force  into  two,  one  in  the  direction  of 
the  arm  and  the  other  perpendicular  to  it,  the  effedt  of  the  latter  upon 
the  arms  to  balance  each  other  will  be  the  fame,  whether  the  arms  lie 
in  the  fame  direction  from  the  fulcrum,  or  form  there  an  angle. 

Hence  it  alfo  appears,  that  the  effedl  of  a weight  upon^a  lever  to 
turn  it  about,  is  as  the  weight  multiplied  into  its  dillance  from  the 
fulcrum;  for  the  effedts  are  always  equal  when  thefe  produdts  are 
equal,  and  therefore  the  effedts  mull  be  meafured  by  the  produdts. 

Two  equal  weights  hanging  at  unequal  diftances  from  the  fulcrum 
will  balance,  if  the  velocities  with  which  they  move,  when  put  in  mo- 
tion, be  equal.  Tills  is  called  the  mechanical  paradox. 

23.  If  the  weights  a6t  obliquely  on  the  arms 
of  a bent  lever,  they  will  be  inverfely  as  the  perpen- 
diculars from  the  fulcrum  to  the  lines  of  direction. 

When  the  fulcrum  is  between  the  power  and  weight,  the  lever  is 
called  of  the  first  kind;  if  the  weight  be  between  the  fulcrum  and 
power  it  is  faid  io  be  of  the  second  kind;  and  if  the  power  be  between 
the  weight  and  fulcrum  it  is  called  of  the  third  kind. 

24.  In  a compound  lever,  the  power  : the  weight 
::  product  of  the  lengths  of  the  arms  of  the  levers 
lying  on  the  contrary  fides  of  the  fulcrums  to  the 
power  : product  of  the  lengths  of  the  other  arms. 

25.  In  the  wheel  and  axle,  the  power : the  weight 
::  radius  of  the  axle  : radius  of  the  wheel. 

Cor.  Hence  if  there  be  feveral  wheels  fo  conftrudled,  that  the  peri- 
phery of  one  may  adl  upon  the  axle  of  the  other,  the  power  : the 
weight  ::  the  produdt  of  the  radii  of  all  the  axles  : the  produdt  of  the 
radii  of  all  the  wheels. 

26.  On  the  inclined  plane,  the  power  : the 
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weight  ::  the  fine  of  the  plane’s  inclination  : the 
cofine  of  the  angle  which  the  firing  going  from 
the  weight  makes  with  the  plane  j and  the  weight 
: the  preffure  ::  the  cofine  of  the  fame  angle  : the 
fine  of  the  angle  between  the  directions  of  the 
power  and  weight. 

Cor.  i . Hence  the  power  to  fuftain  a given  weight  on  a given  plane 
is  leaft,  when  the  firing  from  the  weight  is  parallel  to  the  plane,  and 
their  ratio  is  then  that  of  the  height  : the  length  of  the  plane ; and  the 
weight  : the  preffure  ::  the  length  : the  bafe. 

Cor.  2.  When  the  firing  from  the  weight  is  parallel  to  the  height, 
the  power  is  equal  to  the  weight,  and  die  preffure  vanifhes. 

Cor.  3.  When  the  firing  is  parallel  to  the  bafe,  the  power,  weight 
and  preffure  are  as  the  height,  bafe  and  length. 

The  preffure  of  the  weight  is  here  greater  than  the  weight  itfelf,  be- 
caufe  the  power  preffes  the  weight  upon  the  plane. 

27.  In  a fixed  pulley,  the  power  is  equal  to  the 
weight. 

Although  the?e  is  here  no  mechanical  advantage,  there  is  frequently 
a conveniency,  by  altering  the  direction  in  which  the  power  is  applied. 

28.  If  the  fame  firing  go  round  two  fets  of 
pul!ies  in  two  blocks,  the  power  : the  weight  :: 
unity  : the  number  of  firings  at  the  lowrer  block. 

In  this-cafe  the  lower  block  cooperates  with  the  weight,  by  being 
raifed  with  it. 

29.  If  each  pulley  have  a leparate  firing  fixed 
to  fomething  immoveable  above,  the  power  : the 
weight  ::  unity  : that  power  of  2 whole  index  is 
the  number  of  moveable  pullies. 

Here  all  the  moveable  pullies  cooperate  with  the  weight,  as  they 
rife  with  it. 


30.  If  each  pulley  have  a feparate  firing  fixed 
to  the  weight,  the  power:  the  weight ::  1 : 2”  — 1, 
where  n is  the  whole  number  of  the  pullies. 
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In  this  fet  of  pullies,  the  moveable  pullies  cooperate  with  the  power 
by  defcending  vvith  it. 

Hence  in  all  the  cafes  of  the  pullies,  the  pullies  themfelves  mull  firil 
be  balanced,  and  then  the  proportion  of  the  power  to  the  weight  will 
be  as  given  in  the  proportions. 


31.  In  the  fcrew,  the  power  : the  weight  ::  the 
diflance  of  two  contiguous  threads  in  a direction 
parallel  to  the  axis  of  die  fcrew  : the  circumference 
defcribed  by  the  power. 

In  the  common  fcrews  the  friftion  is  generally  equal  to  the  power 
at  leall,  for  when  the  power  is  not  applied  the  weight  does  not  make 
die  fcrew  run  down. 

In  all  the  above  proportions  refpecling  the  equilibrium  of  the  power 
and  weight,  there  lias  been  fuppofed  to  be  an  equilibrium  between  the 
parts  of  the  machine  before  the  power  and  weight  were  applied,  and 
no  friftion  to  hinder  either  of  them  from  giving  motion  to  it,  fo  that 
when  both  are  applied,  the  leall  power  added  to  either  will  dellroy  the 
equilibrium.  In  cafes  therefore  where  the  friction  is  confiderable,  and 
its  effeft  cannot  be  eilimated,  no  experimental  proof  of  the  propofition 
can  be  applied.  In  machines  made  of  wood,  the  friftion  is  generally 
eilimated  at  one  third  of  the  whole  weight,  that  is,  that  if  a power  equal 
to  one  third  of  the  weight  applied  to  the  machine  could  be  applied  to 
the  weight  without  adding  any  more  friction,  it  would  overcome  the 
friftion;  but  as,  by  adding  this  power,  more  friftion  is  added  to  the 
machine,  therefore  one  third  of  that  power  applied  mull  be  again  added 
to  overcome  the  friftipn  occafioned  by  that  power,  and  fo  on  ad  infi- 
nitum; hence  if  IV  — the  w hole  weight  on  the  machine,  - IV  - IV 
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-f  &c.  ad  inf.  = - IV  the  power  to  be  applied  to  overcome  tlve  refin- 
ance. Or  if  inllead  of  the  friftion  being  ~ IV  if  we  fuppofe  it  - IV, 
then  — 1 — W is  the  power  to  be  applied  to  overcome  it. 

32.  In  a machine  compounded  of  any  number 
of  mechanic  powers,  the  power  is  to  the  weight  as 
the  fum  of  the  ratios  exprefling  the  ratio  of  the 
power  to  the  weight  in  each. 

For  example,  if  a power  and  weight  aft  upon  the  arms  of  a lever, 
and  the  weight  lie  upon  an  inclined  plane  to  which  the  firing  is  paral- 
lel, then  the  power  is  to  the  weight  in  a ratio  compounded  of  the  in- 
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verfe  ratio  of  the  perpendiculars  from  the  fulcrum  upon  the  lines  of  di- 
rection, and  of  the  length  of  the  plane  to  the  height. 

In  everv  machine,  by  diminifhing  the  power  we  increafe  the  time, 
and  in  the  fame  proportion,  becaufe  the  velocity  of  the  power  : the  ve- 
locity of  the  weight  (the  velocities  being  eltimated  in  the  direftions 
in  which  they  oppofe  each  other)  ::  the  weight  : the  power.  In  the 
theory  of  this  fcience  we  fuppofe  all  pianes  and  bodies  perfectly  fmooth, 
levers  to  have  no  weight,  chords  to  be  perfectly  pliable,  and  machines 
to  have  no  fri&ion.  The  allowances  to  be  made  for  the  difference  be- 
ween  theory  and  practice  from  thefe  circumllances  mud  be  determined 
by  experiment. 

ON  THE  CENTER  OF  GRAVITY. 

Def.  The  center  of  gravity  is  that  point  in  a body  or  fydem  of 
bodies,  by  which,  if  it  were  fufpended,  it  would  red  in  any  podtion. 

33.  If  a ftraight  rod  be  balanced  upon  a ful- 
crum, and  weights  be  hung  upon  each  fide,  there 
will  be  an  equilibrium  when  the  fams  of  the  pro- 
duels  of  each  weight  multiplied  into  its  dillance 
from  the  fulcrum  on  each  fide  are  equal. 

This  appears  from  obfervation  the  5th.  to  prop.  22. 

34.  If  any  point  be  album ed  in  the  rod,  the 
dillance  of  the  center  of  gravity  from  that  point 
will  be  equal  to  the  fum  of  the  products  of  each 
body  multiplied  into  its  dillance  from  that  point, 
(thofe  produels  being  reckoned  negative  when  the 
bodies  lie  on  the  contrary  fide  of  that  point  to  the 
center  of  gravity,)  divided  by  the  firm  of  the  bodies. 

35.  The  effect  of  any  number  of  weights  ap- 
plied to  a lever  to  turn  it  about  any  point,  is  juft 
the  fame  as  if  all  the  weights  were  collected  into 
their  common  center  of  gravity. 

For  by  the  lad  obfervation  it  appears,  that  the  fum  of  the  products  of 
each  body  multiplied  into  its  dillance  from  any  point,  is  equal  to  the 
fum  of  all  the  bodies  multiplied  into  the  didance  of  their  center  of 
gravity  from  that  point,  and  the  effedl  to  turn  a lever  about  any  point 
js  meaiured  by. the  body  into  its  didance  from  that  point;  therefore  con- 
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fidering  all  the  bodies  as  placed  in  their  center  of  gravity  the  effeft 
mult  continue  the  fajne. 

36.  Any  three  bodies  connected  together  have 
a center  of  gravity. 

For  the  effetft  of  any  two  is  the  fame  as  if  they  were  placed  in  their 
center  of  gravity,  by  the  laftj  hence,  conceive  them  to  be  placed  there, 
and  the  center  of  gravity  of  that  and  the  third  body,  is  the  center  of 
gravity  of  the  three. 

Hence  therefore  any  fyftem  of  bodies,  however  fituated,  has  a center 
of  gravity. 

It  follows  alfo  from  the  fame  principle  that  every  body  has  a center 
of  gravity;  for  every  body  may  be  conceived  to  be  refolved  into  an 
infinite  number  of  corpufcles,  any  number  of  which,  however  fituated, 
have  a center  of  gravity. 

Hence  as  the  effeft  of  the  whole  body  is  the  fame  as  if  all  the  matter 
were  collefted  into  the  center  of  gravity,  we  may  conceive  it  to  be  all 
concentrated  into  that  point,  and  the  effect  to  produce  an  equilibrium, 
or  to  generate  motion  on  a lever,  will  remain  the  fame.  Hence  the 
place  of  a body  is  underltood  to  be  that  point  where  the  center  of 
gravity  is. 

But  although  the  effeft  of  a body  to  produce  motion  may  be  the 
fame  as  when  all  the  matter  is  conceived  to  be  concentrated  in  its  center 
of  gravity,  yet  the  effect  produced  will  not  be  the  fame,  owing  to  the 
inertias  being  different.  In  the  doftrine  of  equilibrium  we  have  only 
weight  to  confider,  whereas  in  the  doctrine  of  motion  we  have  to  con- 
f der  both  the  power  which  gives  motion  and  the  retiftance  of  the  body 
from  its  inertia  to  oppofe  the  communication  of  that  motion. 

3 7.  If  a body  be  fufpended  by  a firing  and 
drawn  from  its  perpendicular  pofition,  it  will  be 
accelerated  by  a force  which  is  as  the  line  of  its 
angular  diilance  from  the  lowed  point. 

Hence  the  place  of  a body  being  denoted  by  its  center  of  gravitv, 
it  follows  that  when  any  body  is  fufpended,  it  cannot  reft  till  its  center 
ot  gravity  comes  to  the  loweil  point,  becaufe  in  any  other  situation  it 
will  be  acted  upon  by  an  accelerating  force.  Hence  if  a body,  or  fyftem 
of  bodies,  be  not  fufpended  by  a firing,  but  bv  a fulcrum  or  axis  palling 
through  fome  point  in  it  which  is  not  the  center  of  gravity,  it  will 
reft  when  the  center  of  gravity  is  either  directly  above  or  below  the 
point  of  fufpenfion. 

It  is  upon  this  principle  that  a double  cone  appears  to  roll  up  two 
inclined  planes  forming  an  angle  with  each  other  and  lying  in  the 
fame  plane;  for  as  it  rolls  up  it  finks  between  them,  and  by  that 
means  the  center  of  gravity  actually  keeps  d deending.  To  effect  this 
the  height  of  the  planes  mull  be  less  than  the  radius  of  the  bafe  of  the 
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cone:  if  the  height  be  equal  to  the  radius,  the  body  will  reft  in  any 
part  of  it;  and  if  the  height  be  greater  than  the  radius,  it  will  de- 
scend. A cylinder  may  alfo  roll  up  an  inclined  plane  for  a fmall  diftance, 
if  it  be  loaded  on  one  fide  with  fomething  heavier  than  itfelf,  and  that 
fide  be  laid  towards  the  top  of  the  plane,  for  then  the  center  of  gravity 
being  out  of  the  axis  towards  that  part,  it  will  defcend  whilft  the  body 
rolls  upwards. 

Upon  the  fame  principle  a body  which  would  fall  off  a table,  will 
not  fell  off  although  you  hang  a weight  upon  the  part  which  does  not 
reft  upon  the  table,  provided  you,  by  that  means,  throw  the  center  of 
gravity  of  the  whole  under  the  table. 

Hence  alfo  you  may  eatily  balance  a body  refting  upon  a point  on 
its  under  fide,  by  hanging  on  a body  at  each  end ; for  by  that  means 
you  throw  the  center  of  gravity  below  the  point  of  fufpenfion,  and 
then  it  brings  itfelf  to  its  loweft  point,  where  it  refts.  Whereas  before 
the  bodies  were  hung  on,  the  center  of  gravity  was  above  the  point  of 
fufpenfion,  and  unlefs  it  had  been  exaftly  over  it,  which  it  is  almoft 
impoffible  to  accomplilh,  it  would  defcend,  and  the  body  mull  fall. 

Hence  we  have  a very  eafy  pra&ical  method  of  finding  the  center  of 
gravity  of  any  irregular  plane  figure.  Sufpend  it  by  any  point  with 
the  plane  perpendicular  to  the  horizon,  and  from  the  point  of  fufpenfion 
hang  a body  fufpended  by  a firing,  and  draw  a line  upon  the  body 
where  the  firing  paffes  over;  do  the  fame  for  any  other  point  of  fuf- 
penfion, and  where  the  two  lines  meet  is  the  center  of  gravity.  For 
the  center  of  gravity  being  in  each  line,  it  muft  be  at  the  point  where 
they  interfedl. 

The  direction  of  the  line  by  which  a body  at  reft  is  fufpended  is  the 
direction  in  whieh  gravity  atts,  and  if  a line  be  fo  drawn  from  the 
center  of  gravity  of  a body,  it  is  commonly  called  the  line  of  di- 
rection. 

38.  If  a line  be  drawn  from  any  angle  of  a 
triangle  to  bifedt  the  oppofite  fide,  the  center  of 
gravity  of  the  triangle  will  be  upon  that  line  and 
at  the  diftance  of  two-thirds  of  it  from  the  angle. 

Hence  we  may  find  the  center  of  gravity  of  any  rectilinear  figure : 
divide  it  into  triangles  and  find  the  center  of  gravity  each,  and  in  each 
center  of  gravity  conceive  bodies  to  be  placed  equal  in  weight  to  its 
refpeftive  triangle,  or  weights  proportional  to  the  refpeCtive  areas,  and 
then  find  the  center  of  gravity  of  all  the  bodies. 

39.  The  center  of  gravity  of  a parabola  lies  in 
its  axis  at  the  diftance  of  three-fourths  of  it  from 
the  vertex. 

The  center  of  gravity  of  bodies  in  general  can  be  found  only  by  a 
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Huxional  calculation.  In  all  regular  bodies  it  is  manifeftly  in  the  point 
which  we  commonly  call  the  middle.  In  a cone  it  is  in  the  axis  at  the 
diitance  of  three-fourths  of  it  from  the  vertex.  In  an  irregular  body 
it  may  happen  that  the  center  of  gravity  may  not  fall  within  the  body. 

40.  If  there  he  any  number  of  bodies  and  per- 
pendiculars be  drawn  from  them  to  any  plane,  the 
di  dance  of  the  center  of  gravity  of  all  the  bodies 
from  that  plane,  is  equal  to  the  fum  of  the  pro- 
duces of  each  body  multiplied  into  its  perpendi- 
cular diflance  from  the  plane  divided  by  the  fum 
of  the  bodies. 

Hence  by  affuming  three  planes  and  finding  the  diitance  of  the  center 
of  gravity  from  each,  you  determine  the  center  of  gravity  of  the  bodies. 

Hence  alfo  the  fum  of  the  motions  of  any  number  of  bodies  reduced 
to  the  fame  direftion,  will  be  equal  to  the  motion  of  all  the  bodies 
placed  in  their  center  of  gravity  in  the  fame  direction. 

41.  If  a circle  be  defcribed  about  the  center  of 
gravity  of  any  number  of  bodies  reduced  to  that 
circle  by  lines  drawn  perpendicular  to  it,  then 
the  fum  of  the  products  of  each  body  into  the 
fquare  of  its  diflance  from  any  point  of  the  pe- 
riphery is  the  fame. 

42.  If  two  bodies  move  uniformly  in  two  (Iraight 
lines,  their  center  of  gravity  will  either  be  at  red 
or  move  uniformly  in  a flraight  line. 

1 

43.  If  a body  equal  to  the  fum  of  any  two 
bodies  be  placed  in  their  center  of  gravity,  and  the 
fame  quantities  of  motion  in  the  fame  directions  be 
communicated  to  it  which  are  communicated  to  the 
two  bodies,  this  body  will  move  in  the  fame  line 
which  the  center  of  gravity  of  the  two  bodies  de- 
fcribes,  and  with  the  fame  velocity. 

Cor.  1.  Hence  equal  and  contrary  motions  communicated  to  any 
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fyftem  of  bodies  will  have  no  effeCt  upon  their  center  of  gravity,  for  they 
would  not  difturb  a body  equal  to  the  furn  of  them  all  placed  in  their 
center  of  gravity.  For  the  fame  reafon  the  motion  of  the  center  of 
o-ravity  of  any  number  of  bodies  will  not  be  difturbed  by  their  collifion. 
° Cor.  2.  Hence  alfo  the  center  of  gravity  of  a fyftem  of  bodies  will 
not  be  difturbed  by  their  mutual  attractions,  as  the  motions  thus  com- 
municated are  always  equal  and  oppofite.  Hence  the  center  of  gravity 
of  our  fyftem  of  planets  is  either  at  reft  or  moves  on  uniformly  in  a 
ftraight  line.  The  latter  is  fuppofed  by  Dr.  Herschel  to  be  the 
cafe,  from  the  change  which  has  been  obferved  in  the  relative  fituation 
of  fome  of  the  fixed  liars. 

44.  If  one  body  be  at  reft  and  another  defcribe 
any  curve,  the  center  of  gravity  will  defcribe  a 
fimilar  curve. 

45.  If  a body  be  placed  upon  an  horizontal 
plane,  and  the  line  of  direftion  pafs  within  the 
bafe,  it  will  ftand;  if  it  pafs  without  the  bafe,  it 
will  fall. 

This  is  manifeft  from  the  ift.  obfervation  to  prop.  37.  for  conceiving 
the  bafe  to  be  the  fulcrum,  the  center  of  gravity  is  direCUy  over  it  in 
one  cafe  but  not  in  the  other. 

Our  own  motions  are  fubjeCl  to  this  rule,  which  we  obferve  without 
thinking  of  it.  When  a man  Hands  upright,  his  center  of  gravity  falls 
between  his  feet  and  he  is  fupportcd;  but  if  he  lean  forward,  he  throws 
the  line  of  direction  without  his  bafe,  and  he  would  fall  if  he  did  not 
put  forward  one  of  his  feet  fo  as  to  caufe  it  to  fall  within.  For  this 
reafon,  a porter  with  a load  on  his  back  leans  forward  that  the  load 
may  not  throw  the  line  of  direction  out  of  his  bafe  behind. 

Upon  this  principle  alfo  it  is  that  a body  juft  hung  upon  the  edge 
of  a table  will  not  fall  off,  becaufe  part  of  the  body  hanging  under  the 
table,  the  center  of  gravity  of  the  whole  is  fupported. 

46.  If  a body  be  fet  upon  an  inclined  plane, 
the  line  of  direftion  will  fall  oblique  to  the  bafe; 
in  this  cafe,  if  the  line  of  direftion  fall  within  the 
bafe  the  body  will  hide  down  the  plane  without 
tumbling;  but  if  it  fall  without  the  bafe,The  body 
will  roll,  or  partly  Aide  and  partly  roll,  according 
as  the  quantity  of  friftion  is  greater  or  lefs.  If 

there 
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there  were  no  friction,  the  body,  of  whatever 
form,  would  Hide  without  roiling. 

Hence  a globe  on  a perfedtly  fmooth  inclined  plane  would  Hide  with- 
out rolling;  for  the  force  of  gravity  can  give  the  body  no  rotatory 
motion,  and  as  there  is  no  fridtion  there  is  no  force  which  adts  out  o t 
the  center  of  gravity  to  give  it  a rotation. 


ON  THE  COLLISION  OF  LOD1ES. 


47.  If  two  nonelaflic  bodies  A and  B move  in 
the  fame  ftraight  line  with  velocities  * and  y,  and 
Ifrike  each  other,  their  common  velocity  after  im- 

Ax=tzBy 

pact  will  be  ■ ^ ' , where  the  fign  -|-  muff  be 

taken  when  the  bodies  move  in  the  fame  direction, 
and  — when  in  oppofite  directions. 

Ax 

Cor.  If  A ftrike  B at  reft,  the  velocity  after  impadl  — — — 

Al  Ij 

This,  and  the  propofitions  refpedting  elaftic  bodies,  depend  upon  the 
third  law  of  motion,  that  the  quantity  of  motion  in  the  fame  diredlion 
is  not  altered  by  the  adiion  of  two  bodies  on  each  other.  When  two 
nonelaftic  bodies  meet,  they  adt  upon  each  other  till  they  have  acquired 
a common  velocity,  and  then  they  move  on  together.  Moreover,  when 
two  bodies  adt  thus  diredtly  upon  each  other,  their  inertia  muft  be  fimply 
as  their  velocities  and  quantities  of  nutter,  for  the  endeavour  of  each  body 
to  oppofe  the  communication  of  motion  muft  be  fimply  as  its  refpec- 
tive  motion,  becaufe  thefe  motions  adt  at  no  mechanical  advantage  or 
difadvantage. 

48.  If  A and  B be  two  perfectly  elaffic  bodies 
moving  in  the  fame  diredlion  with  the  velocities  x 
and  y,  and  A flrike  B,  then  A’s  velocity  after  im- 

Ax  — Bx-{-2By 

padt  will  be  — , ?) , and  B’s  will  be 


2 Ax  — Ay-\-By 


A + B 


~j~-\-B * ^ move  *n  °PP0^lte  direc- 


tions, 
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tions,  A’s  velocity  will  be 


Ax  — Bx — 2 By 


B's  will  be 


2 Ax  -j-  Ay  — By 


A + B' 


l7 
, and 


A+B 

When  two  perfectly  elaftic  bodies  meet,  they  firft  adl  upon  each  other 
till  they  have  acquired  a common  velocity,  as  in  nonelaftic  bodies,  and 
then  by  the  endeavour  of  each  body  to  recover  its  figure  they  feparate  ; 
and  when  the  force  with  which  they  feparate  is  equal  to  the  force  with 
which  they  were  comprefled  together,  they  are  faid  to  be  perfectly 
elaftic.  The  time  in  which  the  adlion  between  the  bodies  takes  place 
is  of  no  confequence;  alfo  the  effedl  will  be  the  fame  if  only  one  body 
be  elaftic,  for  in  that  cafe  they  will  firft  adl  upon  each  other  till  they 
have  acquired  a common  velocity,  as  in  nonelaftic  bodies,  and  then  the 
force  with  which  the  elaftic  body  endeavours  to  reftore  its  figure  will 
double  the  adtion  between  them,  and  therefore  if  the  effedl  of  the  com- 
preflion  be  the  fame,  the  effedl  of  their  feparation  muft  alfo  be  the  fame, 
and  confequently  the  whole  effedl  will  be  the  fame.  If  the  force  with 
which  they  feparate  be  lefs  than  the  force  with  which  they  are  com- 
preffed  together,  they  are  faid  to  be  imperfedtly  elaftic. 

Cor.  i.  If  .^ftrike  B at  reft,  or  y~o,  A's  velocity  after  impadl  — 

^ A -fAT’  3n<^  S ^A+li'  ^ence  ^ ^ -A  wtM  t>e  at  reft  after 

impadt,  and  B will  move  with  the  velocity  which  A had  before  impadl. 
Il  B be  greater  than  A,  A1  s velocity  becomes  negative,  and  therefore 
A will  be  refledled  back.  If  B be  lefs  than  A,  A's  velocity  will  be  po- 
fitive,  and  therefore  A will  procede  on  in  the  fame  diredlion  after 
impadl. 

Hence  if  there  be  any  number  of  bodies  of  equal  magnitude  lying 
in  the  fame  ftraight  line,  and  the  firft  ftrike  the  fecond,  all  the  bodies 
will  reft  except  the  lalt,  which  will  move  off  with  the  velocity  of  the 
firft  before  impadl.  This  theory  will  be  found  to  agree  very  nearly 
with  experiments  made  with  ivory  balls,  which  are  nearly  perfedlly 
elaftic.  If  the  bodies  increafe  in  magnitude,  each  will  be  refledled 
back,  and  if  they  decreafe,  each  will  go  forward  after  the  ftroke. 

Cor.  2.  If  A — B and  they  move  in  the  fame  diredlion,  -A's  velocity 
after  impadl  — y,  and  B's  velocity  — x,  hence  the  bodies  have  ex- 
changed velocities  and  continue  to  move  in  the  fame  diredlion.  If  they 
move  in  oppofite  diredtions  each  will  be  refledled  back,  having  ex- 
changed velocities. 

Cor.  3.  If  A ftrike  an  immoveable  objedt,  or  if  B be  infinite  and 
y—o,  A' s velocity  after  impadl  — — x,  or  A will  be  refledled  back  with 
the  fame  velocity. 

Cor.  4.  The  velocity  of  A minus  that  of  B before  impadl  n the  ve- 
locity of  B minus  that  of  Rafter;  for  B's  velocity  — A's  after  impadl, 

when  they  move  in  the  fame  diredlion,  is - 

/l  -t-  XJ 
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— — C— Lf  A — E?  — ^ * X__J  — v — y.  If  the  bodies  move 

” B+B  j + b ~ J 

in  the  oppofite  directions,  B\  velocity  — A’s~x  -fy,  which  is  the  dif- 
ference of  the  velocities,  edimated  in  the  fame  direction,  before  impaCt. 

Cor.  5.  If  p and  q be  the  velocities  of  A and  B after  impaCt,  Ax'+ 
By1  — Ap1  + Bq\  For  if  the  bodies  move  in  the  fame  direction,  by 
the  third  law  of  motion  Ax  -}-  By  — A p -f  B q , alfo  * — y — q—p,  hence 

A X x — p~B  X q — y 1 

x+p=  g -\-y " £ , hence  A x1  + By'—Ap’-’c  Bq1.  If  the 

.'.Axx%-pl-=.Bxq-—y/ 

bodies  move  in  oppofite  directions,  the  fame  conclufion  follows  from 
the  fame  principles. 


49.  If  the  bodies  be  imperfectly  elaftic,  and  m : 
?i  ::  the  force  with  which  they  are  comp  relied  to- 
gether till  they  acquire  a common  velocity,  or  per- 
fect elafticity,  : the  force  with  which  they  feparate, 
or  their  imperfeCt  elafticity;  then  if  they  move  in 
the  fame  direction,  A's  velocity  after  impaCt  will 

m Ar  n 2 Bx  — 2 B v 

' , and  B’s  will  be  y-\- 


zm  X"  A+B 
2 Ax  — 2 Ay 


be  x — 
vi  -f-  n 

2 in  X A -\~  B 

directions,  the  ligns  of  the  terms  where  y enters 
muft  be  changed. 


If  they  move  in  oppofite 


Hence  if  wc  have  the  magnitudes  of  the  bodies  A and  B,  and  their 
velocities  andy  before  impaCt,  and  their  velocities  after,  we  fhall 
have  two  equations  from  which  we  can  determine  the  ratio  of  m : », 
or  the  degree  of  elafticity  of  the  bodies.  The  velocities  after  may  be 
found  by  letting  the  bodies  vibrate  through  equal  arcs  and  meet  at  the 
lowed  point,  and  then  meafuring  the  arc  each  deferibes  after  impaCt. 
Since  the  velocity  is  as  the  chord  of  the  arc,  if  we  meafure  only  the 
chords  in  their  defeent  .and  afeent  it  will  give  their  relative  velocities 
which  will  be  fufRcient.  If  A itrike  B at  reft  and  be  equal  to  it,  B’s 

velocity  after  — • - x x;  hence  A's  velocity  before  : B’s  after  ::  x : 

771 

m + n 

— — — X x ::  2 m : m + » ::  the  chord  a deferibed  by  A : the  chord  b 
deferibed  by  2>;  kcnc:  m :n  \:  a : 2 b — a. 


ON 
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ON  THE  CENTERS  OF  PERCUSSION,  SPONTANEOUS 
ROTATION,  OSCILLATION  AND  GYRATION  OF 
BODIES. 

Def.  1.  The  center  of  pcrcujjion  is  that  point  in  a body  revolving 
about  an  axis,  at  which,  if  it  ftruck  an  immoveable  obftacle,  all  its 
motion  would  be  deftroyed,  or  it  would  incline  neither  way. 

From  this  def.  it  appears,  that  the  point  of  fu.fpenfion  is  not  affcdtcd 
by  the  ftroke. 

2.  The  center  of fpontaneous  rotation  is  that  point  which  remains  at 
reft  the  inftant  a body  is  ftruck,  or  about  which  the  body  begins  to  re- 
volve. 

Hence  the  center  of  fpontaneous  rotation  is  the  fame  as  the  center 
of  fufpenfion  correfponding  to  the  center  of  percuflion,  the  center  of 
percuflion  being  the  point  where  the  body  is  ftruck.  For  the  attion  of 
the  body  againft  the  immoveable  obftacle  in  the  center  of  percuflion 
mull  have  the  fame  effett  upon  the  body  as  if  the  body  had  been  at  reft 
and  the  obftacle  had  ftruck  the  body,  in  which  latter  cafe  the  center 
of  fufpenfion  would  not  be  affetted,  and  therefore  it  becomes  the 
center  of  fpontaneous  rotation. 

3.  The  center  of  ofcillation  is  that  point  in  a vibrating  body  at 
which,  if  a corpufcle  were  fufpended,  it  would  vibrate  in  the  lame  time 
the  body  does. 

4.  The  center  of  gyration  is  that  point  in  a body,  into  which,  if  the 
whole  quantity  of  matter  were  coilefted,  the  fame  moving  force  would 
generate  in  it  the  fame  angular  velocity. 

50.  If  a body  revolve  about  an  axis,  the  erfedl 
of  any  particle  p to  refill,  by  its  inertia,  the  com- 
munication of  motion  to  any  point,  is  as  the  par- 
ticle multiplied  into  the  fquare  of  its  diftance  from 
the  axis. 

For  the  inertia  of  any  particle  not  a&ing  at  any  mechanical  advan- 
tage or  difadvantage  to  oppofe  the  communication  of  motion,  is  as  its 
velocity  multiplied  into  its  quantity  of  matter  p,  or  in  this  cafe  as 
d y p,  if  d be  the  diftance  of  the  particle  from  the  axis,  the  velocity  of 
each  particle  varying  as  d.  But  this  inertia  afting  upon  a lever  whofe 
length  is  d ia  oppolition  to  a force  adling  at  any  other  point,  the  effett 
ol  the  inertia,  by  the  property  of  the  lever,  will  be  d1  x p. 

51.  If  any  number  of  bodies  A,  B , C,  revolve 
about  an  axis  at  the  refpective  diftances  <7,  b,  c , 
and  be  the  diftance  of  the  center  of  gyration 
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r , fa1'*.  A-\-b2x  B-\-c2xC 

rrom  the  axis,  then  x = </ ‘ 1 . 

V A+*+C 

For  the  inertia  of  A B -f  C placed  at  the  diftance  x from  the  axis 

is  x*  x A -f  B - j-  C;  now  as  the  moving  force  is  the  fame,  the  fame  an- 
gular velocity  will  be  generated  when  the  inertia  is  the  fame ; hence 

X A~+  B~+  C — a1  X A + & X B + c2  X C,  therefore  * = 
/a'  X A + 6 x 2?+  c x C if  the  axis  pafs  through  the  center 

a+B  + C f h 

of  gravity  it  is  called  the  principal  center  of  gyration. 

If  a {lender  rod  whofe  length  m a revolve  about  one  end,  the  dis- 


tance of  the  center  of  gyration  from  that  end  =:  a y J>.  Or  if  it  re- 
volved about  its  center,  and  a were  equal  to  half  its  length,  the  dif- 
tance  of  the  center  of  gyration  from  the  center  would  be  the  lame. 
If  a circle  revolve  in  its  own  plane  about  its  center,  or  a cylinder  about 
its  axis,  and  r — the  radius,  the  diftance  of  the  center  of  gyration  from 

r~ 

the  center  or  axis  — r / r.  If  a globe  whofe  radius  is  r revolve 

2 

about  one  of  its  diameters,  the  diftance  of  the  center  of  gyration  from 
the  center  — r / 

Cor.  i . If  a circle  be  deferibed  about  the  center  of  gravity,  and  any 
point  of  its  periphery  be  made  the  axis  of  rotation,  the  diftance  from 
it  to  the  center  of  gyration  will  remain  the  fame,  the  plane  of  rotation 
Continuing  the  fame.  This  appears  from  prop.  41. 

Co: . 2.  To  find  what  quantity  of  matter  Q muft  be  placed  at  any 
other  diftance  d from  the  axis  fo  that  the  inertia  may  remain  the  fame. 


we  have  d 1 x *2  x A -j-  B -fi  C,  hence  j2*A+B  + C. 


52.  If  a body  vibrate  about  an  axis  by  the  force 
of  gravity,  the  diftance  of  the  center  of  ofcillation 
from  the  axis  is  equal  to  the  fum  of  the  produdts 
of  each  particle  multiplied  into  the  fquare  of  its 
diftance  from  the  axis,  divided  by  the  body  multi- 
plied into  the  diftance  of  the  center  of  gravity  from 
the  axis.  The  center  of  percuftion  is  the  lame  as 
the  center  of  ofcillation. 


Let 
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Let  L A/ .(fig.  i.)  be  a plane  palling  tlirough  the  center  of  gravity  G- 
of  the  body,  perpendicular  to  the  axis  of  vibration,  on  which  the  body 
is  orthographically  projected;  O the  center  of  ofcillation  in  the  line  C G 
produced;  a,  b,  &c.  the  conltituent  particles  of  the  body  thus  projedted. 
Cm  parallel  to  the  horizon,  and  draw  Om,  G g,  a q,  b p,  &c.  perpen- 
dicular to  C m.  Now  as  the  angular  velocity  of  each  particle  of  the 
body  is  not  altered  by  this  projection,  we  have  by  a x aC2  -f.  b x bC2 
-1-  &c.  r:  the  inertia  of  the  whole  body ; alfo  if  O reprefent  a particle 
at  O,  O X O C2  — the  inertia  of  that  particle.  Now  it  appears  from 
prop.  23.  that  obf.  5.  prop.  22.  is  true  in  general,  if  you  afl'ume  the 
perpendicular  diftances  from  the  fulcrum  indead  of  the  real  diitances; 
therefore  a X q C + b x p C -f  &c.  the  effett  of  gravity  to  turn  the 
whole  body  about  C,  and  0 X m C =.  the  effedl  of  gravity  to  turn  the 
particle  O about  C.  Hence,  that  the  fame  angular  velocity  may  be 
generated  in  both  cafes,  the  accelerative  forces  mull  be  in  proportion 
to  the  refpedlive  inertias;  that  is  aXqC-\-bxpC-\-  &c.  : O XmC  :: 

X a CJ-f 


a x a C*  -f  b x b C2  -f  &c.  : O x 0 C2,  therefore  OC-zz 

1 aXqC  -f 

b x bC1  -f  &C.  XmC a X aC1  + b X b C2  + &c..  X m but  CO: 

b X p C -}-  &C.  a b -f-  &c.  X C g 


mCr.CG:  Cg,.-.CC° 


rr  'IlS. ; hence  OC  — 


a X uC~- ■{-  b X b C~ -f-  &C# 


C g a b -f-  & c.  x C G 

The  center  of  ofcillation  thus  found  being  independent  of  the  line  C 7n, 
fhows  that  it  is  a fixed  point  for  every  pofition  of  the  body.  Hence  if 
a body  could  have  all  its  matter  concentrated  in  O and  be  fufpended  at 
C,  it  would  perform  all  its  vibrations  in  the  fame  time  the  body  does. 
Hence  any  body  L M thus  vibrating,  may  be  confidered  as  a pendu- 
lum whofe  length  is  C 0,  fo  far  as  regards  the  time  of  vibration. 

The  center  of  ofcillation  of  a rod,  vibrating  about  one  end,  is  two 
thirds  of  its  length  from  that  end.  If  a fphere  be  fufpended  at  the 
diltance  of  d from  its  center,  and  r be  its  radius,  the  dillance  from  the 


center  of  fufpenfion  to  the  center  of  ofcillation 


n y7- 

d+Ts 


Hence  if 


ri 


2 r1 


that  dillance  a be  given,  and  alfo  r,  we  have  dzz  - / Z. — . 

2 \/  4 5 

which  Ihows  that  there  are  two  points  by  which  it  may  be  fufpended 
to  vibrate  in  the  fame  time. 


a1  n rz 

When  — ~ — , or  a—r  / there  is 
4 C » 


__5 

only  one  value  of  d which  rr  Z — r /J:,  which  gives  the  point  of 

2 v'  £ 

fufpenfion  the  center  of  gyration,  in  which  cafe  a is  the  lead  pofiible, 
for  if  a be  alfumed  lefs,  d becomes  impoflible.  This  is  agreeable  to 
what  is  Ihown  in  a fubfequent  note  to  this  prop.  Hence  we  know  d — r 
the  dillance  from  the  furface  at  which  it  mull  be  fufpended  to  make 
the  length  of  the  pendulum  — a , which  is  more  convenient  than  mea- 

furing 
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Turing  from  the  center.  If  a be  not  very  fmall  in  comparifon  with  rf 
■we  may  take  d — a without  any  fenfible  error.  The  diameter  of  the 
ball  made  ufe  of  in  our  experiments  is  1,6  in.  therefore  the  diflance  of 
s the  point  of  fufpenfion  from  the  furface  — a — o,8  in. 

If  a rod  in  the  form  _±_  whofe  bafe  — 20  in.  and  perpendicular”  12. 
the  perpendicular  bifeiting  the  bafe,  be  fufpended  at  the  upper  end  and 
vibrate  in  its  own  plane,  the  diflance  from  the  point  of  lufpenfion  to 
the  center  of  ofcillation  — 13,21  inches;  but  if  it  vibrate  perpendicular 
to  its  plane,  the  diflance  of  the  centers  ~ 1 1,08  inches.  If  the  rod  be 
fufpended  at  the  diflance  of  6 inches  from  the  top,  the  diflance  of  the 
point  of  fufpenfion  from  the  center  of  ofcillation  will  be  12,75  inchcs 
an  the  former  cafe,  and  7,2  inches  in  the  latter.  Hence  by  the  lafl  ob- 
fervation  the  diflance  of  the  points  of  fufpenfion  from  the  furface  of  the 
fphere  which  fhall  vibrate  in  the  fame  times  are  12,41;  10,28;  11,95 
and  6,4  inches  refpedlively. 

The  diflance  of  the  center  of  gyration  from  die  axis  of  motion,  is  a 
mean  proportional  between  the  difiances  of  the  centers  of  ofcillation  and 
gravity  from  the  fame  axis. 

Hence  the  time  of  vibration  will  be  the  leafl  poflible  when  the  axis 
partes  through  the  principal  center  of  gyration.  For  if  x and  a~  the 
diflances  from  the  center  of  gravity  to  the  centers  of  fufpenfion  and  gy- 

Z 

ration,  then  * : x-  -f  a ::  x + a : the  length  of  the  pendulum,  which 

x 


is  the  leafl  when  x~a. 

The  product  of  the  diflances  of  the  center  of  gravity  from  the  axis 
of  fufpenfion  and  center  of  ofcillation  is  a conflant  quantity  for  the 
fame  plane  of  vibration;  if  therefore  the  center  of  ofcillation  be  made 
the  point  of  fufpenfion,  the  point  of  fufpenfion  becomes  the  ccuter  of 
ofcillation.  Hence  alfo  it  follows,  that  if  upon  the  plane  of  vibration 
palling  through  the  center  of  gravity  of  any  body,  two  circles  be  de- 
icribed  with  the  center  of  gravity  as  their  center  and  radii  equal  to  the 
dillances  of  the  center  of  gravity  from  the  point  of  fufpenfion  and  center 
ot  ofciilation,  tire  body  fufpended  from  any  point  in  the  periphery  of 
either  circle,  will  perform  its  vibration  in  the  fame  time.  Hence  there 
are  an  indefinite  number  of  points  in  the  fame  body,  by  which,  if 
the  body  were  fufpended,  the  time  of  vibration  would  remain  the  fame. 

Hence  alfo  if  the  point  of  fufpenfion  and  center  of  ofcillation  be 
given  in  one  cafe,  and  alfo  any  other  point  of  fufpenfion,  the  center  of 
ofcillation  will  be  known,  and  confequently  the  length  of  the  pendu- 
lum, the  plane  of  vibration  remaining  the  fame.  For  example,  if  a 
lb  nder  rod  36  inches  long  be  fufpended  at  one  end,  the  dillancc  of  the 
center  of  ofcillation  will  be  24  inches  from  it,  and  their  diflances 
from  the  center  of  gravity  18  and  6 inches  refpetflively ; hence  if 
the  fame  rod  be  fufpended  10,39  inches  from  the  center  of  gravity. 


then  will 


: 10,39  inches,  be  the  diflance  from  the  center 

10,39 


of  gravity  to  the  center  of  ofcillation;  hence  the  length  of  the  pendu- 
lum = 20,78  Inches.  Here  the  principle  center  of  gyration  is  the  point 
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of  fufpenfion,  confequently  the  time  of  vibration  is  the  lead  poifible. 
If  the  rod  be  liifpended  5,2  inches  from  the  center  of  gravity,  the 
length  of  the  pendulum  rc  26,17  inches.  If  it  be  fufpended  3,25  in* 
from  the  center  of  gravity,  the  length  of  the  pendulum  = 36,48  in. 

If  the  fame  body  vibrate  about  an  axis  at  the  fame  diftance  from  the 
center  of  gravity  but  in  a different  pofition,  the  time  of  vibration  will 
not  be  the  fame,  unlefs  the  fum  of  the  products  of  each  particle  x the 
fquare  of  its  diftance  from  the  axis  remains  the  fame. 

To  find  the  center  of  ofcillation  of  an  irregular  body  fufpended  at 
any  point,  hang  up  a ftmple  pendulum,  that  is  a fmall  globe  fufpended 
by  a firing,  and  adjuft  its  length  till  it  vibrates  in  the  fame  time  the 
body  does,  and  the  length  of  that  pendulum  is  equal  to  the  diftance  of 
the  point  of  fufpenfton  from  the  center  of  ofcillation  of  the  body.  Or 
two  thirds  of  the  length  of  a (lender  rod  fufpended  at  one  end  and  vi- 
brating in  the  fame  time,  will  give  the  fame. 

If  a body,  inftead  of  revolving  about  a center  be  made  to  move 
parallel  to  itfelf  by  being  conceived  to  be  fufpended  at  an  infinite  dif- 
tance, the  centers  of  gravity,  ofcillation  and  percuffion  become  the 
fame. 

53.  If  a body  vibrate,  and  every  particle  be 
attradled  to  a center  by  a force  which  varies  as 
its  diftance  from  it,  the  center  of  ofcillation  will 
be  the  fame  as  when  it  is  adled  upon  by  a 
conftant  force  a£ling  in  parallel  lines.  If  the 
force  vary  in  any  other  ratio,  the  center  of  ofcil- 
lation will  not  be  the  fame,  nor  will  it  continue  a 
fixed  point  for  a whole  vibration,  but  will  vary  as 
the  pofition  of  the  body  varies. 

54.  If  two  bodies  p and  q hang  upon  a lever  at 

the  diftances  m and  n,  and  p defcend,  the  preffure 

2 

mp  — nqxpq 

upon  the  axis  = — - — - — . 

mzp-\-rrq 

Let  a and  c be  the  diftances  of  the  centers  of  ofcillation  and  gravity 
from  the  center  of  fufpenfion ; then  as  the  whole  l'yftem  revolves  with 
the  fame  angular  velocity  as  if  the  whole  quantity  of  matter  p -f  q were 
placed  at  the  diftance  a from  the  fulcrum,  and  as  the  accelerative  forces 
are  as  the  velocities  generated  in  a given  time,  or  as  the  diftances  from 

the  fulcrum,  we  have  a : c p + f : the  force  with  which  the 


center 
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center  of  gravity  defcends,  and  which  becaufe  a — 

“ Pj^LUll  an(j  c — ^ ’Ll-  but  the  force  with  which  the  center  of 

mp  — nq  p + q 

gravity  defcends  is  that  by  which  the  preffure  upon  the  axis  is  dimi- 

— — -2 

nilhed ; hence  the  preffure  upon  the  axis  — / -f  q — ”[tUZLlLL.  — 

m1  p -f-  ti  q 

m -f-  n 


Xpq. 


m‘p  + 

Cor.  If  m — n,  the  preffure  — Up  — 4 oz.  q — 3 oz.  the  pre£ 

fure  — 6 oz.  17  drs.  3 grs. 


ON  THE  MOTION  OF  BODIES  ACTED  UPON  BY 
UNIFORMLY  ACCELERATING  FORCES. 

Def.  A force  is  faid  to  be  uniformly  accelerating,  when  the  quantity 
of  acceleration  continues  to  be  the  fame  in  the  fame  time,  or  when 
equal  increments  of  velocity  are  generated  in  equal  times. 

55.  If  a body  move  uniformly  with  the  velocity 
V for  the  time  7*,  the  fpace  deferibed  = T V. 

In  mechanics  we  meafure  the  velocity  by  the  fpace  which  a body  de- 
feribes  in  one  fecond,  fuppofing  the  velocity  to  be  continued  uniform, 
for  that  time ; alfo  the  time  is  eftimated  in  feconds,  and  the  fpace  in 
feet.  Hence,  as  the  fpaces  muft  be  in  proportion  to  the  times  when 
the  velocity  is  uniform,  i"  :T"  ::  V '.TV  the  fpace  deferibed.  It  may 
perhaps  appear  to  be  improper  to  multiply  time  and  velocity,  two  he- 
terogeneous quantities,  together;  but  it  muft  be  obferved,  that  T,  in  the 
expreffion  T V,  is  an  abftrail  number,  being  the  quotient  of  T'  divided 
by  i";  the  abilraft  number  therefore  by  which  V is  multiplied  is  always, 
the  fame  as  that  which  denotes  the  number  of  feconds  in  the  given  time. 

A quantity  is  faid  to  be  given  when  it  continues  the  fame  whilft  the 
other  quantities  with  which  it  is  conne&ed  vary.  Thus,  if  the  time 
remain  the  fame  whilft  the  velocity  varies,  or  if  two  bodies  move  with 
different  uniform  velocities  for  the  fame  time,  the  time  is  faid  to  be 
given,  and  the  fpaces  will  be  in  proportion  to  the  velocities. 

56.  The  fpace  deferibed  in  the  lad:  proportion 
may  be  repreiented  by  the  area  of  a right  angled 
parellelogram,  one  of  whofe  fides  reprefents  the 
time  and  the  other  the  velocity.. 


For 
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For  its  area  is  equal  to  the,producl  of  one  fide  x into  the  other. 


57.  If  the  force  of  gravity  be  denoted  by  unity, 
and  F be  any  other  uniformly  accelerative  force 
compared  with  it,  alfo  if  v be  the  velocity  gene- 
rated by  gravity  in  one  fecond,  and  V be  the  velo- 
city generated  by  the  force  F in  the  time  T,  then. 
V=zFVv. 

For  by  the  fame  force  the  velocity  generated  mull  be  as  the  time, 
equal  velocities  being  generated  in  equal  times,  lienee  1"  : T ::  <v : T*v 
the  velocity  generated  by  gravity  in  the  time  T.  Alfo  for  the  fame 
time  the  velocity  generated  mult  evidently  be  as  the  force,  hence  r 
(grav.)  : F ::  T ■v  : 1'  — FT -v.  Here  F and  T become  abftraft  num- 
bers, being-  equal  to  the  quotients  of  force  divided  by  force,  and  time 
by  time.  Hence  as  ■ v is  given,  V varies  as  F T. 

58.  The  accelerative  force  of  a body  varies  as 
the  moving  force  dire&ly  and  the  quantity  of  mat- 
ter to  be  moved  inverfely. 

For  the  moving  force  is  in  proportion  to  the  quantity  of  motion 
generated  by  it  in  a given  time,  or  as  the  velocity  x the  quantity 
of  matter;  therefore  the  moving  force  divided  by  the  quantity  of  mat- 
ter varies  as  the  velocity,  which  Varies  as  the  accelerative  force,  when 
the  time  is  given,  by  the  lafl  prop. 

All  bodies  defcer.d  with  equal  velocities  by  the  force  of  gravity,  and 
therefore  the  moving  force  mull  be  in  proportion  to  the  quantity  of 
matter,  for  to  make  twice  the  quantity  of  matter  defeend  with  the  lame 
velocity,  twice  the  force  muil  manifellly  be  applied.  We  may  there- 
fore here  eilimate  the  moving  force  by  the  quantity  of  matter  to  be 
moved,  and  make  the  accelerative  force  of  gravity  unitv;  and  then  any 
other  accelerative  force  may  be  compared  with  it,  by  me, during  the 
force  of  a body  by  its  quantity  of  matter  when  it  hangs  freely  down, 
or  by  its  quantity  of  matter,  when  it  moves  in  any  other  direction,  mul- 
tiplied into  the  force  of  gravity  in  that  direction,  becuufij  the  body 
mull  have  a lefs  force  in  any  other  direction  as  gravity  in  that  direc- 
tion is  lef^.  If  two  bodies  P and  P being  the  greateil,  hang  over 
a pulley,  the  moving  force  is  P—  that  being  the  quantity  which 
gives  motion  to  the  bodies;  but  this  moving  force  has  both  bodies  to 
move,  and  therefore  mull  move  them  with  lefs  velocity,  that  U,  lefs 
accelerate  them,  or  the  accelerative  force  will  be  'els,  the  greater  the 
bodies  are,  or  the  accelerative  force  will,  from  this  cattle  onlv,  be  in- 
verfely as  But  it  is  manifefc  that  a greater  moving  force  myli, 

Ceteris  paribus,  give  a proponionably  greater  acceleration.  Hence  ti  e 

£)  v.holo 
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whole  accelerative  force  — =. — ^ In  this  cafe  the  force  of  gravity  — tj 

P 

for  if  0,  P falls  freely  by  gravity,  and  the  accelerative  force  be- 
comes unity. 


59.  If  a body  fall  from  a Hate  of  reft  and  be 
adted  upon  by  any  uniformly  accelerative  force  F, 
and  F be  the  time  of  its  acting,  V the  velocity  ac- 
quired at  the  end  of  that  time,  and  S the  fpace, 
then  S varies  as  Fx  V,  or  as  F x F2 ; alfo  V2  varies 
as  Fx  S. 

Here  F and  T are  to  be  confidered  as  abftrad  numbers,  as  explained 
in  prop.  57. 

Cor.  1.  If  F be  given,  that  is,  if  bodies  fall  and  be  aded  upon  by 
the  fame  uniformly  accelerating  force,  then  S varies  as  T 2,  and  alfo 
a s V \ Hence  if  we  take  a fucceflion  of  times  as  1,  2,  3,  4,  5,  6,  &c. 
the  fpaces  will  be  as  1,  4,  9,  16,  2 ;,  36,  &c.  confequently  the  fpaces 
deferibed  in  the  equal  fucceffive  portions  of  time  will  be  as  the  odd 
numbers  1,  3,  5,  7,  9,  &c. 

Cor.  2.  If  the  time  be  given,  the  Ipace  varies  as  the  force,  or  as  the 
velocity  generated. 


60.  If  a body  fall  from  a ftate  of  reft  and  he 
adled  upon  by  an  uniformly  accelerative  force, 
and  in  defending  through  the  fpace  S in  the  time 
F it  acquire  a velocity  V,  the  body  with  the  laft 
acquired  velocity  V continued  uniform  for  the 
time  F would  pafs  over  the  fpace  2 S. 

In  our  latitude,  a heavy  body  is  found  by  experiment  to  defeend  ibJ^. 
feet  in  the  firlt  fecond,  hence  the  velocity  acquired  in  that  time  is  32^ 
feet  in  a fecond.  All  bodies  would  fall  with  the  fame  velocity, were  it 
not  for  the  refiftance  of  the  air,  for  in  an  exhaufted  receiver,  a guinea 
and  a feather  fall  from  the  top  to  the  bottom  in  the  fame  time.  Hencq 
t)ie  force  of  gravity  ads  equally  upon  every  kind  of  matter. 


61.  If  a body  fall  freely  by  the  force  of  gravity- 
through  the  fpace  S,  and  F be  the  time  of  defeent 
and  V the  velocity  acquired,  alfo  m ~ i6v'r  feet; 

then 
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then  1*.  S = m?'-,  21".  T=  v/-  ; 3*.  — ; 

m J 4 m 

4'hlr.  s""'-  2 m T,  and  6,Wy.  ?== 

V 


2 m 


62.  If  a body  fall  freely  by  arty  other  force  F 
compared  with  gravity  reprefented  by  unity,  then 

V 

S = F^y^mFS  and  =,, 

2 mb 

63.  If  M reprefent  the  moving  force,  eftimatcd 
as  explained  in  prop.  58.  and  i^the  quantity  of 

M 

matter  to  be  moved,  then  F===  — ; hence  by  the 

M _ . fl  in  M S 

laft  prop.  5 = tt  x mF2,  F — — -- — and  7 

_ YSL 

2 m M‘ 

Cor.  1 . If  two  bodies  P and  4b  hang  over  a pulley,  of  which  P is 
the  greateft,  then  P—QJis  the  moving  force,  and  P-f^the  quantity 


P — 9 

of  matter  to  be  moved;  hence  5 = ■■  ~^X  m T2. 


But  we  have  not 


here  taken  into  confederation  the  quantity  of  matter  in  the  pulley  to  be 
moved ; now  as  the  pulley  has  a rotatory  motion,  the  different  parts  of 
which  move  with  different  velocities  from  that  of  P and  £>,  except  its 
circumference,  we  muft  not  add  the  quantity  of  matter  in  the  pulley 
to  P + ^in  order  to  get  the  whole  inertia,  but  we  mult  compute  by 
prop.  51.  cor.  2.  what  quantity  of  matter  q placed  in  the  circum- 
ference will  retard  juft  as  much  as  the  whole  pulley;  and  then 

P— 4b 

v x p 4 4b+  y 

2 m x P — 2 


S = 


x m T1 ; alfo  V = Am  x * 5 


y/' 
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If  the  body  be  irregular,  q cannot  be  computed,  but  may  be  thus 
determined  by  experiment.  With  two  given  weights  P,  obferve 

jP  — yc  771 

the  fpace  S deferibed  in  any  time  T,  and  then  q ~ 


- ? — 

To  take  away  all  refillance,  as  far  as  poffible,  the  axis  of  the  wheel 
over  which  P and  J^hang,  fhould  lie  upon  fridion  wheels,  by  which 
the  fridion  becomes  infeniible,  and  the  experiments  will  anfwer  to  the 
theory  without  any  fenfible  difference. 

By  a variety  of  experiments  to  determine  the  inertia  of  the  fridion 
wheels  made  ufe  of  in  our  experiments,  it  appears  that  q — 2,7  5 oz.  troy. 
The  machine  for  thefe  experiments  was  invented  by  Mr.  Atwood, 
and  is  moll  admirably  adapted  to  the  purpofes  for  which  it  was  in- 
tended, as  the  whole  theory  of  uniformly  accelerating  and  retarding 
forces  may  be  proved  by  it,  as  the  author  himfelf  has  flrown  in  his 
Theory  of  refit  linear  and  rotatory  Motion  of  Bodies,  and  in  his  excellent 
Analyfis  of  a Courfe  of  Lefinres  on  the  Principles  of  Natural  Philofop/ty , 
read  at  Cambridge.  By  altering  the  value  of  P,  S and  T,  and  by 
fuppofing  fome  given  whilft  the  others  vary,  the  truth  of  all  the  prin- 
ciples may  be  experimentally  proved.  And  by  taking  off  weight  from 
P as  it  afeends  till  it  becomes  lei's  than  the  motion  at  that  inftant 
becomes  retarded ; and  from  thence  every  thing  relating  to  uniformly  re- 
tarding forces  may  be  proved.  If  in  the  defeent  of  P,  fo  much  weight 
be  taken  from  it  as  to  leave  it  equal  to  the  bodies  go  on  without 
any  acceleration,  and  it  appears  that  they  then  defcribe  twice  the 
fpace  which  they  had  before  deferibed  in  the  fame  time.  Galileo, 
who  firll  gave  the  theory  of  uniformly  accelerating  forces,  proved 
the  general  law,  that  the  fpaces  vary  as  the  fquares  of  the  times,  by 
letting  bodies  defeend  upon  inclined  planes.  But  on  account  of  the 
fridion  of  the  planes  he  could  not  apply  the  method  to  the  abfolutc 
quantities  of  fpace,  time  and  velocity,  nor  to  the  cafe  where  the  moving 
force  and  the  quantity  of  matter  to  be  moved  are  different. 

Cora,  if^lie  on  an  horizontal  plane,  the  moving  force  is  P only, 
P 

and  hence  6'  — p^j— 5 X tn  Tl , negle&ing  the  inertia  of  the  pulley  over 
which  the  firing  runs. 

Cor.  3.  if  P hang  freely  down,  and  4Mie  upon  an  inclined  plane 
with  the  ilring  parallel  to  it,  then  if  the  height  of  the  plane  be  to  its 

length  ::  r : s,  the  force  of  f^s  defeent  — and  if P draw  Oup,  the 

r 7,  r9  sP  — rQ  sP  — rO 

moving  force  ~P—  hence  S ~ >x  m ST*. 

s s s x A’-f 

negleding  the  inertia  of  the  pulley. 


64.  If  a body  defeend  down  an  inclined  plane, 
the  accelerative  force  : the  force  of  gravity  ::  the 

height 


MECHANICS. 


2e) 


height  H : the  length  L,  or,  as  radius  : the  cofine 
of  the  plane’s  inclination. 

Cor.  1 . Hence  as  the  force  of  gravity  is  conftant  at  the  fame  place, 
the  accelerative  force  varies  as  the  height  of  the  plane  dirc&ly  and 
length  inve'rfely,  and  therefore  is  uniform  for  the  fame  plane. 

Cor.  2.  If  we  denotp  the  force  of  gravity  of  a body  by  its  weight 

W,  its  accelerative  force  upon  the  plane  =r  — X W. 

65.  If  a body  defcend  down  an  inclined  plane 
without  friCtion,  the  velocity  acquired  is  the  fame 
as  that  down  the  height. 

Hence  the  velocities  down  all  planes  of  the  fame  height  arc  equal, 
and  vary  as  the  fquare  roots  of  the  heights. 


66.  If  a body  could  defcend  without  friction 
down  feveral  inclined  planes  connected  together, 
and  lofe  no  motion  in  going  from  one  to  another, 
the  velocity  acquired  would  be  the  fame  as  that 
down  the  height  of  the  whole  fyitem. 

67.  When  a body  defeends  from  one  inclined 
plane  to  another,  the  velocity  is  dimini  died  in  the 
ratio  of  radius  : the  coiine  of  the  angle  between 
the  directions  of  the  planes. 

68.  If  a body  defcend  without  fri&ion  down 
any  curve,  the  velocity  is  the  fame  as  that  which 
would  be  acquired  down  its  altitude. 

Hence  if  a body  defcend  in  any  curve,  it  will  afeend  to  the  fame 
altitude  in  whatever  curve  it  may  rife. 

Hence  when  a body  is  fufpended  by  a firing  and  made  to  vibrate  in 
any  curve,  the  velocity  is  that  which  is  acquired  in  falling  down  the 
altitude,  there  being  no  fri&ion  to  retard  it. 


69.  If  a body  defcend  down  an  inclined  plane. 


the  time  varies  as  —7= . 

v H 


Cor. 


r 
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Cor.  Hence  when  II  is  given,  or  two  inclined  planes  have  the  fame 
height,  the  time  varies  as  the  length.  Hence  the  time  down  the  length 
: the  time  down  the  height ::  L : //;  but  by  prop.  61.  the  time  down  H 

rfj  _ £ rfj 

is  equal  to  / hence  the  time  down  L — _ x / 

\/  m if  \X 


m 


70.  If  the  diameter  of  a circle  be  perpendicular 
to  the  horizon,  and  chords  be  drawn  from  either 
extremity,  the  times  of  defeentdown  all  the  chords 
are  equal,  and  the  velocities  and  accelerative  forces 
will  be  as  the  lengths  of  the  chords. 

7 1 . The  times  down  fimilar  fyflems  of  inclined 
planes,  fimilarly  fituated,  vary  as  the  fquare  roots 
of  their  lengths,  fuppofmg  there  be  no  friction, 
nor  any  motion  loft  at  the  angles. 

Cor.  Hence  as  a curve  may  be  cor.fidered  as  the  limit  to  which  a 
rectilinear  figure  approaches  by  diminifhing  the  length  of  its  Tides  and 
inclination  to  each  other  Jive  Finite,  the  times  down  fimilar  curves  vary 
as  the  fquare  roots  of  their  lengths. 

Thus  fir  wc  have  confidcred  the  motion  of  bodies  afted  upon  by 
conitant  accelerative  forces;  the  next  propofition  contains  the  general 
principles  of  motion  when  the  forces  are  variable. 

72.  If  a body  defeend  in  any  line  by  any  con- 
ftant  or  variable  force  F compared  with  gravity 
reprefented  by  unity,  x — the  fpace  deferibed,  v 
the  velocity,  t the  time,  and  ;;;  = i6rV  feet,  then 

*V  V — r±r  2 1)1  F X ; alfo  t = =±=  -. 

V 

x , * Fx 

For  i>  varies  as  F X / ; but  / varies  as  =t  - ; hence  <i  varies  as  =fc  — 

sy 

t o varies  as  — Fx.  Now  by  prop.  6 1 . ~ 4 mx  by  gravity,  hcnca 
•v<v  rr  =£  2 in x , vii  : =t  1 X x ::  im  : 1 ; but  <vd)  is  in  a conitant 
ratio  to  -■=*:  Fx\  hence  if  we  confider  1 as  the  force  of  gravity,  that 
ratio  is  2 m : 1 ; hence  -vv  : =t  Fx  ::  im  : 1,  confequently  vF  — =& 

2 m Fx.  The  fgn  -f  muft  be  ufed  when  <v  and  x increafe  or  decreafe 
together,  and  — on  the  contrary. 

Aifo  as  d denotes  the  fpace  deferibed  uniformly  in  1",  and  x is  de- 
li i ibod  with  the  fame  velocity  in  the  time  / ; as  the  velocity  is  giver, 

\ v ; 
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^ ± x : i ~ r±.  where  -f-  mult  “be  ufed  when  t and  * in- 

creafe  or  decreafe  together,  and  — on  the  contrary. 


73.  If  a body  defcend  from  reft  in  a right  line 
towards  a center  of  force,  and  x be  the  diftance 
from  that  center;  and  if  at  the  diftance  d the  force 
==  c compared  with  gravity  reprefented  by  unity, 
then,  if  the  force  vary  as  the  n h.  power  of  the 


cx 


diftance,  dn : xn ::  c : the  force  at  the  diftance 


2tncxr‘x 


\mc 


X’,  hence  *uv=  — — ~z — , v2~  ====== — 7 x x'”+1 

d n-\- 1 x dn 

~J-cor.  but  when  x=a , thcgreateft  diftance,  v~o, 
/\.mc 


hence  v2 = 


n + 1 x dn 


x an+1 — xM+,3  therefore  v- 


r 


\mc 


x 


x y/an+l  — xn+l.  Alfo  t — = 

^ n + ! X d”  - V 


■X 


r 


x \/an+t  — x”+l 


, whofe  fluent, 


x//n+  1 x dn 
which  cannot  be  expreffed  in  general,  properly 
corrected,  gives  t , 


ON  THE  VIBRATION  OF  PENDULUMS  IN  THE  ARCS 
OF  CIRCLES  AND  CYCLOIDS,  AND  THEIR  MO- 
TIONS IN  CONICAL  SURFACES. 

74.  If  a pendulum  vibrate  in  the  arc  of  a circle, 
it  is  accelerated  by  a force  which  is  t9  the  force  of 

gravity, 
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gravity,  as  the  fine  of  its  angular  diftance  from  the 
lowed:  point  to  radius. 

Cor.  Hence  in  the  fame  pendulum,  the  accelerative  force  is  as  the 
fine  of  its  diflance  from  the  Iowefl  point. 

75.  If  a pendulum  vibrate  in  a circular  arc,  the 
longer  the  vibration  is  the  longer  will  be  the  time. 

It  will  appear  for  prop.  81.  and  cor.  prop.  S4.  that  if  the  accele- 
rating force  varies  as  the  diflance  from  the  Iowefl  point,  all  the  vibra- 
tions will  be  performed  in  the  fame  time;  but  here  the  accelerating 
force  varies  in  a lefs  ratio,  for  the  fine  varies  flower  than  the  arc ; 
hence  by  increafing  the  arc  the  force  does  not  increafe  fait  enough  to 
make  all  the  vibrations  equal,  and  therefore  the  greater  arcs  having 
too  fmall  a force  for  that  purpofe,  they  will  be  defcribed  in  greater 
times. 

In  very  fmall  arcs,  where  the  fine  and  arc  are  very  nearly  equal,  all 
the  vibrations,  as  to  fenfe,  will  be  performed  in  the  fame  time. 

76.  The  times  in  which  different  pendulums 
perform  vibrations  in  fimilar  arcs  of  circles  are  as 
the  fquare  roots  of  their  lengths. 

For  by  cor.  prop.  71.  the  times  vary  as  the  fquare  roots  of  the  arcs, 
and  the  arcs  are  as  the  radii. 

As  the  length  of  the  pendulum  is  denoted  by  the  diflance  from  the 
point  of  fufpenfion  to  the  center  of  ofcillation,  the  arc  defcribed  by  the 
pendulum  is  always  underltood  to  be  the  arc  defcribed  by  its  center  of 
ofcillation. 

77.  If  a pendulum  hang  at  reft  and  a body 
ftrike  it,  then  having  given  the  quantity  of  matter 
in  the  ftriking  body  and  in  the  pendulum,  alfo 
the  point  of  impact  of  the  pendulum,  and  the  cir- 
cular arc  which  it  defcribes,  the  velocity  of  thq 
ftriking  body  may  be  found. 

Let  x be  the  diflance  from  the  point  of  fufpenfion  to  the  center  of 
gyration  of  the  pendulum,  d the  diflance  from  the  point  of  fufpenfion 
to  the  point  of  impaft,  m the  quantity  of  matter  in  the  pendulum,  M 
the  quantity  of  matter  in  the  body,  <v  — the  velocity  communicated  to 
the  point  llruck,  V — the  velocity  of  the  body,  then  by  cor.  2.  prop. 

xz 

51.  if  a quantity  of  matter  =:  m X -x  be  placed  at  the  point  of  impaft, 

ths 
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the  fame  angular  velocity  will  be  generated ; hence  by  the  rule  for  the 


x 


collifion  of  nonelaltic  bodies,  M -f  m x — : M ::  V : <v,  hence  V ~ 


•vMdz  -f-  •umx'1 

Ml* 


Now  to  determine  v,  obferve  what  arc  the  center 


of  ofcillation  of  the  pendulum  defcribes  in  its  afcent  after  impaft,  and 
find  its  verfed-fine  r, . then  the  velocity  of  the  center  of  ofcillation  at 
the  lowed  point  — by  prop.  61.  the  velocity  down  the  verfed- 

fine  being  the  fame  as  that  in  the  arc  by  prop.  6S.  Now  let  b be  the  dis- 
tance from  the  point  of  fufpenfion  to  the  center  of  ofcillation,  then  b : 

d ::  v' 4 


mr 


<v  — — V/4_^r<  jn  manner  Mr.  Robins  determined 
b 

the  initial  velocity  of  balls  fired  from  a gun.  To  the  bottom  of  the 
pendulum  a ribband  was  fixed  which  palled  between  two  fteel  edges 
prefling  againft  each  other,  fo  that  the  length  of  the  ribband  drawn 
out  gave  the  chord  of  the  arc  defcribed. 


78.  The  force  of  gravity  is  exerted  upon  every 
body  in  proportion  to  its  quantity  of  matter. 

For  bodies  of  different  quantities  of  matter  deferibe  the  fame  arc  in 
the  fame  time,  and  therefore  the  greater  the  quantity  of  matter  the 
greater  mull;  be  the  force  exerted  upon  it  in  the  fame  proportion. 
Weight  alfo  being  the  effect  of  attraction  as  the  caufe,  mull  be  a 
relative  quantity,  the  fame  body  weighing  differently  on  different  parts 
of  the  earth  according  as  the  attraction  varies. 


Lem.  If  ‘v  — the  velocity  of  a body  revolving  in  a circle  whole  ra- 
dius— r,  and  the  force  of  gravity  be  reprefented  by  32 feet,  the  cen_ 

— • • clj2s 

ttifugal  force  of  the  body  in  the  circle  — — . 

r 

For  conceive  abody  to  revolve  about  the  earthat  its  furface,  then  its  cen- 
tripetal force,  or  the  force  of  gravity  at  the  earth’s  furface,  is  equal  to  its 
centrifugal  force.  Hence  by  Sir  I.  Newton’s  Principia  Lib.I.feCt.2. 
prop.  4.  cor.  1 . If  R — the  radius  of  the  earth,  and  V — the  velocity  of  a 

V * 

body  revolving  at  its  furface,  the  force  of  gravity  : — ::  the  centri- 

K 

petal,  and  conftquently  the  centrifugal,  force  of  the  body  revolving  in 

the  circle  whofe  radius  — r with,  the  velocity  v : — ; but  --  — 32 1 feet, 

hence  if  the  firft  term  be  made  equal  to  the  fecond,  the  third  will  be 
equal  to  the  fourth.  ' 


E 


79.  To 


M E C H A N I C S. 


34 

79.  To  find  the  time  in  which  a pendulum  de- 
fcribes  a conical  furface  CA  D. 

Let  A B (fig.  2.)  be  the  altitude,  produce  B C to  e,  and  let  C e re- 
prefent  the  centrifugal  force  by  which  the  pendulum  endeavours  to  re- 
cede from  B;  draw  Cf  perpendicular  to  the  horizon,  and  let  it  repre- 
fent  the  force  of  gravity;  compound  thefe  forces  into  C g,  which  we 
will  fuppofe  to  lie  in  the  direction  CA,  and  then  the  pendulum  will 
manifeftly  be  kept  in  that  pofition.  Put  m ~ 32^  feet,  and  let  it  re- 
prefent  the  force'  of  gravity,  — the  velocity  of  the  pendulum  in  the 

circle  Cm  Dn,  then  by  the  lem.  — the  centrifugal  force ; hence  : 


A 


tn 


the 


ve- 


::  C c : Cf ::  C B ; A B,  confequently  r=  B C x 
locity  of  the  pendulum  in  a fecond.  Put  p — 6,283  &c.  then p x BQ 
zz  the  circumference  of  the  circle  Cm  Dn;  hence  B C x 

''A  B 

X BC  ::  1" : p xv/^r  the  time  of  deferibing  the  conical  furface. 


ft 


m 


y/ a b 


5 A 


Cor. 


1. 


Hence  the  time  of  a revolution  p x v/  w ' \/ 


AB  fA  B 


m 


the  time  of  defeent  through  2 AB  ::  p : 2 ::  the  circumference  of  a 
circle  : its  diameter. 

Cor.  2.  Hence  if  the  altitude  be  given,  the  time  of  a revolution  will 
be  given.  If  AB  — 9,735  in.  the  time  of  a revolution  1". 

Cor.  3.  Hence  if  the  angle  CAD  be  indefinitely  fmall,  the  time  of 
deferibing  the  conical  furface  is  equal  to  twice  the  time  in  which  the 
pendulum  would  vibrate  through  the  diameter  CD. 

If  in  this  cafe  C A ~ 3,245  feet,  the  time  of  revolution  ~ 2" \ 


DEFINITION. 

If  a circle  roll  upon  a ftraight  line,  any  point  of  its  periphery  will 
delcribe  a curve  called  a cycloid.  r 7 

Lem.  1.  If  a circle  be  deferibed  upon  the  axis  of  a cycloid,  and  an 
ordinate  be  drawn  from  the  axis  parallel  to  the  bafe,  the  part  of  the 
ordinate  intercepted  between  the  circle  and  cycloid  will  be  equal  to 
the  chord  ot  the  circle  drawn  from  the  point  where  the  ordinate  cuts 
the  circle  to  the  vertex. 

2.  The  abovementioned  chord  of  the  circle  is  parallel  to  a tangent 

to  the  cycloid  at  the  point  where  the  ordinate  meets  it.  * 

3.  The  cycloidal  arc  intercepted  between  the  vertex  and  the  point 
where  the  ordinate  meets  it,  is  double  to  the  chord  of  the  circle  men 
tioned  in  lem.  1 . 


Sc.  If  two  equal  femicycloids  be  joined  at  their 

bafe 


v 
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bafe  and  have  their  vertices  downwards  and  axes 
vertical,  and  a pendulum  equal  to  the  length  of 
one  of  them  be  fufpended  from  the  point  where 
they  touch  and  vibrate  between  them,  it  will  de- 
fer ibe  a cycloid. 

Mr.  Atwood,  in  his  Syllabus  of  a Courfe  of  Leflures  read  in  this 
Univerfity,  obl'erves,  that  this  is  true  only  upon  fuppofition  that  the 
whole  mafs  of  the  pendulum  is  concentrated  in  a point,  for  it  can- 
not otherwife  take  place,  becaufe  as  the  firing  varies  in  its  length  the 
center  of  ofcillation  of  a body  of  any  magnitude  will  vary.  The  pro- 
perty therefore  of  a pendulum  thus  vibrating,  that  it  performs  all  its 
vibrations  in  the  fame  time,  is  not  true,  and  therefore  it  cannot  be  fo 
far  a true  meafure  of  time.  Pendulums  therefore  vibrating  in  circular 
arcs  are  now  always  ufed,  for  the  fame  arcs  will  always  be  deferibed 
in  the  fame  time.  One  principal  fource  of  error  in  a pendulum  thus 
vibrating  is,  that  the  different  temperatures  of  the  air  will  alter  the 
length  of  the  pendulum.  To  prevent  this,  Mr.  Harrison  invented  a 
pendulum  compofed  of  rods  of  iron  and  brafs  fo  framed  together,  that 
the  brafs  expands  upwards  whilft  the  iron  expands  downwards,  and 
by  thus  counteracting  each  other,  the  length  of  the  pendulum  is  pre- 
ferved  very  nearly  the  fame  in  all  temperatures.  Different  methods 
have  alfo  been  invented  to  anfwer  the  fame  purpofe. 

8 1 . If  a pendulum  deferibe  any  arc  of  a cycloid, 
its  velocity  at  any  point  varies  as  the  right  fine  of 
a circular  arc,  whofe  diameter  is  the  arc  of  the 
cycloid  deferibed,  and  verfed-fme  the  fpace  paifed 
over. 

82.  The  accelerating  force  of  a pendulum  vi- 
brating in  a cycloid  varies  as  the  arc  of  its  dis- 
tance from  the  lowelb  point. 

83.  The  time  in  which  a pendulum  vibrates  in  a 
cycloid  : the  time  a body  would  defeend  down  the 
axis  ::  the  circumference  of  a circle  : its  diameter. 

84.  If  L be  the  length  of  a pendulum,  and  F 
the  force  of  gravity,  the  time  T of  vibration  varies 
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Cor.  Hence  all  the  vibrations  in  the  fame  cycloid  are  performed  in 
die  fame  time. 

In  oar  latitude  a pendulum  39,2  inches  long  is  found  to  vibrate  in 
one  fecondj  hence  if  the  force  be  given,  as  it  will  be  for  the  fame  lati- 
tude, we  have  : vT ::  1"  : T"  — . the  time  of  vibra- 

' V'  39,2 

tion  of  a pendulum  whofc  length  is  L,  L being  taken  in  inches.  If 
gravity  be  reprefented  by  unity,  and  F rcprefcnt  any  other  force  acting 

on  the  pendulum,  then  y ::  i'iT'zz  y/39,2X  F 

the  time  of  vibration.  This  may  be  applied  to  compare  the  vibrations 
of  pendulums  on  different  planets,  F being  taken  to  repreient  the  re- 
fpeflive  forces  of  gravity  on  their  furfaces.  At  the  ditlance  of  n radii 

1 ' 

39>2 


from  the  earth’s  furface  F — and  T—n  ; and  at  the  dif- 

1 -r  f-n  X L 


tance  of  - of  the  radius  within,  F—~,  and  T — 


n/ 


39’s 


Hence  if 


71  be  infinite,  or  - — 0,  infinite ; for  in  this  cafe,  as  the  point  of  fuf- 
n 

penfion  is  at  tlie  center  of  the  earth,  the  direftion  of  gravity  is  in  the 
direflion  of  the  pendulum,  and  therefore  if  the  pendulum  be  made  to 
vibrate  it  mull  continue  to  revolve  in  a circle. 


85.  If  L be  the  length  of  a pendulum,  and  D : 
C ::  the  circumference  of  a circle  : its  diameter, 
then  the  lpace  5 through  which  a body  falls  in 
the  time  of  vibration  : the  time  down  I.L  ::  Cz 
: D\ 

Hence  if  5 be  given  L will  be  known,  and  if  L be  given  S will  be 
known. 


ON  TIIE  MOTION  OF  PROJECTILES. 

86.  If  the  force  of  gravity  were  conftant  and 
adled  in  parallel  lines,  and  there  were  no  reliftance 
from  the  air,  a body  thrown  in  any  diredlion 
would  defcribe  a parabola. 


From 
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From  the  fmall  diftances  to  which  we  can  projed  bodies  upon  the 
earth’s  fnrface,  the  want  of  an  uniform  gravity,  and  its  not  ading  in 
parallel  lines,  will  not  feniibly  caufe  the  motion  of  the  body  to  deviate 
from  a parabola;  but  the  refiftance  of  the  air  is  fo  great,  particularly 
in  fwift  motions,  the  refiftance  varying  as  the  fquare  of  the  velocity, 
and  fometimes  in  a greater  ratio,  that  no  pradical  conclufions  can  be 
drawn  from  this  theory. 

87.  The  velocity  V in  any  point  of  the  para- 
bola is  that  which  would  be  acquired  by  a body 
falling  down  4 of  the  latus  redhim  L belonging 
to  that  point. 

Cor.  Hence  if  m — 1 6 ~ feet,  V — »SmL,  and  the  time  of  a body’s 

V - 

defcent  down  L — — . Hence  alfo  V varies  as  \/Z.  As  gravity  ads 
m ' 

in  parallel  lines  perpendicular  to  the  horizon,  the  horizontal  velocity 
of  a body  would  not  be  altered  if  there  were  no  refiftance  of  the  air, 
and  hence  a body  in  any  part  of  its  motion  would  ftrike  an  objed  per- 
pendicular to  the  horizon  with  the  fame  force. 

• *88.  If  a body  be  thrown  in  any  dire&ion,  its 
amplitude  upon  an  horizontal  plane  varies  as  the 
fine  of  double  the  angle  of  elevetion,  its  altitude 
varies  as  the  verfed-fme  of  double  the  angle  of 
elevation,  and  the  time  of  flight  varies  as  the  fine 
of  the  angle  of  elevation. 

89.  If  v be  the  velocity  of  projection,  m~  1 6 yr 
feet,  s = the  fine,  r = the  verfed-fme  of  double 
the  angle  of  elevation,  / = the  fine  of  the  angle  of 
elevation  to  radius  unity,  a — the  amplitude  on 
an  horizontal  plane,  the  altitude,  a— the  time 

r n-  i . ...  , r<UZ  tV 

of  night;  then  will  a—  - — , h~  x — and  x = — . 

2 m o m m 

2, 

Hence  the  amplitude  is  the  greateft  at  the  angle  of  450 and——,  or 

— 2m  _ 


1 T . 
> 
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\L ; and  die  amplitudes  are  equal  at  angles  equally  above  and  below 
430.  This  would  be  the  cafe  if  there  were  no  refinance  from  the  air, 
but  on  account  of  that,  the  greateft  ranges  are  at  an  angle  lefs  than  4 50. 

4 

90.  If  a body  be  projected  upon  an  inclined 
plane,  the  cofine  of  whole  inclination  is  w,  r and 
s — the  fines  of  the  angles  which  the  direction 
makes  with  the  plane  and  zenith,  v = the  velocity 
of  projection,  <2=  the  amplitude,  /j  = the  altitude. 


rsvz 


^=rthe  time  of  flight  j then  a = 


m w2' 


rv 


and  t—  — . 
tnw 


We  have  before  obferved,  that  in  very  quick  motions  the  theory  and 
practice  will  differ  very  much.  Mr.  Robins  obferves,  that  a 24  pound 
fhot,  impelled  with  its  ufual  charge  of  powder,  meets  with  an  oppofition 
from  the  air  equivalent  to  400  lb.  which  retards  the  motion  fo  much, 
that  the  range  at  an  elevation  of  450  would  not  be  above  4-  of  that 
given  by  theory.  And  by  experiments  made  with  a wooden  bullet 
fired  at  4^,  he  found  the  range  to  be  only  200  yards,  whereas,  without 
any  refinance,  it  would  have  gone  1 3C00  yards.  Mr.  Robins  alfo 
found  that  very  little  advantage  was  gained  by  projefting  a body  with 
a greater  velocity  than  1200  feet  in  a fecond.  He  found  that  a 24  lb. 
fhot,  when  difcharged  with  a velocity  of  2000  feet  in  a fecond,  will  be 
reduced  to  1200  feet  in  a fecond  in  a flight  of  a little  more  than  500 
yards.  In  confequence  of  this  quick  deftruftion  of  velocity,  he  found 
that  a lefs  projectile  velocity  at  the  fame  angle  might  carry  a ball  fur- 
ther than  a greater;  for  the  body  projected  with  the  greater  velocity, 
when  its  velocity  becomes  equal  to  that  of  the  other  projection,  has  a 
lefs  angle  of  elevation,  on  which  account  it  may  go  to  a lefs  diftance 
from  thence,  fo  as  to  make  the  whole  diltance  lefs  No  gun  to  carry 
far  ihould  be  charged  with  powder  wrhofe  weight  is  more  than  \ or 
of  the  weight  of  the  ball,  for  that  will  give  field  pieces  a velocity  of 
1200  feet  in  a fecond.  In  a battering  piece,  to  fire  at  a near  objeCt, 
the  charge  Ihould  be  about  | of  the  weight  of  the  ball.  When  the  ve- 
locity of  the  body  is  greater  than  about  1 100  or  1200  feet  in  a fecond, 
the  refiftance  appears  to  be  nearly  3 times  greater  than  it  ought,  if  it 
varied  only  as  the  fquarc  of  the  velocity.  On  this  Mr.  Robins  makes 
the  following  curious  remark.  “ The  velocity  at  which  the  variation  of 
the  law  of  refinance  takes  place,  is  nearly  the  fame  as  that  with  which 
found  moves.  Indeed  if  the  treble  refinance  in  the  greater  velocities 
is. owing  to  a vacuum  being  left  behind  the  refified  body,  it  is  not  un- 


reafonable 
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Teafonable  to  fuppofe,  that  the  celerity  of  found  is  the  very  leaft  de- 
gree of  celerity  with  which  a projectile  can  form  this  vacuum,  and  can 
in  fome  fort  avoid  the  preflure  of  the  atmofphere  on  its  hinder  parts. 
It  may  perhaps  confirm  this  conjecture  to  obferve,  that  if  a bullet, 
moving  with  the  velocity  of  found,  does  really  leave  a vacuum  behind 
it,  the  preffure  of  the  atmofphere  on  its  fore  part  is  a force  about  3 
times  as  great  as  its  refiftance,  computed  by  the  laws  obferved  for  flow 
motions.”  Now  we  may  here  obferve,  that,  taking  with  Mr.  Cotes 
the  height  of  an  homogeneous  atmofphere  29254  feet,  if  we  fuppofe 
the  velocity  with  which  the  air  would  rufh  into  a vacuum,  is,  like 
other  fluids,  that  which  is  acquired  by  falling  through  the  whole  height 
29254  feet  of  an  uniform  atmofphere,  that  velocity  will  be  found  to 
be  1 368  feet  in  a fecond,  which  differs  but  a little  from  that  fuppofed 
by  Mr.  Robins.  That  bodies  are  therefore  refilled  in  air  as  the 
fquares  of  their  velocities  is  not  true,  if  the  velocity  be  greater  than 
about  1200  feet  in  a fecond;  after  that  the  refiftance  is  almoft  3 times 
greater  than  this  law  gives  it. 

91.  If  a body  be  projected,  and  has  a rotatory 
motion  about  an  axis  perpendicular  to  the  horizon, 
it  will  deviate  from  a plane  perpendicular  to  the 
horizon. 

Mr.  Robins  was  the  firft  who  confirmed  this  by  experiment.  Balls  from 
guns  are  frequently  found  to  deviate  to  the  right  or  left  of  the  direc- 
tion of  projection . Rifle  barrels  are  therefore  ufed  to  prevent  this  effeft. 
For  the  deflecting  power  is  found  to  aft  on  that  fide  where  the  rota- 
tory and  progreffive  motions  confpire.  Now  in  rifle  barrels,  the  axis 
of  the  ball’s  motion  lies  in  the  plane  of  projection,  therefore  the  rota- 
tory motion  being  perpendicular  to  the  progreffive  motion,  no  effeft 
is  produced.  But  in  every  other  pofition  of  the  axis  there  mull  be  a 
defleftion, -and  fo  much  the  greater  by  how  much  the  more  the  axis 
deviates  from  the  plane  of  projection  towards  the  horizon. 

ON  THE  MOTION  OF  BODIES  AFFECTED  B7 

FRICTION. 

92.  If  one  hard  body  move  upon  another,  its 
fridtion  will  be  an  uniformly  retarding  force. 

For  if  a body  be  drawn  upon  an  horizontal  plane  by  another  hang- 
ing  perpendicularly,  the  fpaces  appear  to  vary  as  the  fquares  of  the 
times,  therefore  the  accelerative  force  mull  be  uniform.  Now  without 
friftion  the  acceleration  would  be  uniform,  and  as  it  appears  to  be  uni- 
form with  it,  the  difference,  or  retardation  front  the  friftion  muft  be 
uniform. 

If 
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If  the  body  be  covered  with  cloth,  woollen,  <lc.  it  appears  that  the 
refinance  increafes  with  the  velocity,  as  the  fpace  increafes  in  a much 
le  's  ratio  than  the  fquare  of  the  time. 


93.  If  M— the  moving  force  of  the  body  hang-- 
ing  perpendicularly,  expreffed  by  its  weight,  F = 
the  friblion  confidered  as  equivalent  to  a weight 
without  inertia  drawing  the  body  back  upon  the 
horizontal  plane,  W — the  weight  of  the  body 
upon  the  plane,  S = the  fpace  deferibed  by  M in 
t feconds,  and  m = 16 A feet;  then  by  prop.  63. 


M — F 

M+WXmt2~S’ 


M+ir 

hence  F—M — rr  x S. 

m t 


94.  The  quantity  of  friction  increafes  in  a lefs 
ratio  than  the  weight  of  the  body. 

If  we  increafe  M and  W in  the  fame,  ratio,  then  if  F increafed  in 
the  fame  ratio,  the  fame  fpace  would  be  deferibed  in  the  fame  time;- 
but  by  thus  increafing  M and  W,  it  appears  by  experiment  that  S is 
increafed  in  the  fame  time,  therefore  F mult  have  increafed  in  a lefs 
ratio  than  M and  W. 


95.  The  friblion  of  a body  does  not  continue 
the  fame  when  it  has  different  furfaces  applied  to 
the  plane  on  which  it  moves,  but  the  fmalleft  fur- 
face  will  have  the  lead  fridlion. 

For  in  the  lame  time  with  the  fame  moving  force,  the  body  de- 
feribes  the  greatefl  fpace  when  it  moves  upon  its  lea ft  furface.  The  ex- 
periments by  which  thefe  propofitions  were  originally  proved  may  be 
ieen  in  the  Phil.  1 ran/  1784. 

The  experiments  which  have  been  made  by  all  authors  whom  I have 
feen,  have  been  thus  infiituted.  To  find  what  moving  force  would 
jxjl  put  a body  in  motion;  and  thev  have  concluded  from  thence,  that 
the  accelerative  force  was  then  equal  to  the  fri&ion;  but  it  is  manifefi, 
that  any  force  which  will  put  a body  in  motion  mult  be  greater  than 
the  force  which  oppofes  the  motion ; and  hence,  if  there  were  no  other 
objection  than  this,  the  quantity  of  fri&ion  could  not  be  very  accurately- 
determined  . But  there  is  another  circumitance  which,  totally  deltroys  the 
experiment,  fo  far  as  it  tends  to  (how  the  quantity  of  fri&ion,  which  is, 
the  firong  cohefion  of  the  body  to  the  plane  when  it  lies  at  roll ; and 

this 
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this  is  confirmed  by  the  following  experiments.  Firft,  A body  of  12J 
oz.  was  laid  upon  an  horizontal  plane,  and  then  loaded  with  a weight 
of  8 lb.  and  fuch  a moving  force  was  applied  as  would,  when  the  body 
was  juft  put  in  motion,  continue  that  motion  without  any  acceleration, 
in  which  cafe  the  friction  mull  be  juft  equal  to  the  accelerative  force. 
The  body  was  then  flopped,  when  it  appeared,  that  the  fame  moving 
force  which  had  kept  the  body  in  motion  before,  would  not  put  it  in 
motion,  and  it  was  found  neceftary  to  take  off  4}  oz.  from  the  body- 
before  the  fame  moving  force  would  put  it  in  motion;  it  appears,  there- 
fore, that  this  body,  when  laid  upon  the  plane  at  reft,  acquired  a very 
itrong  coheiion  to  it.  Secondly,  A body  whofe  weight  was  16  oz.  was 
laid  at  reft  upon  the  horizontal  plane,  and  it  was  found  that  a moving 
force  of  6 oz.  would  juft  put  it  in  motion;  but  that  a moving  force  of 
4 oz.  would , when  it  was  juft  put  in  motion,  continue  that  motion  with- 
out any  acceleration,  and  therefore  the  accelerative  force  mult  then  have 
been  equal  to  the  fridtion,  and  not  when  the  moving  force  of  6 oz. 
was  applied. 

From  thefe  experiments  therefore  it  appears,  that  the  cohefion  was 
fo  very  confiderable  in  proportion  tr  the  fridtion  when  the  body  was 
in  motion,  that  it  mull  by  no  means  be  negledted  in  our  enquiries  re- 
fpedting  the  quantity  of  friction.  All  the  concluftons  therefore  de- 
duced from  the  experiments,  w hich  have  been  inftituted  to  determine 
the  fridtion  from  the  force  neceftary  to  put  a body  in  motion  (and  I 
have  never  feen  any  deferibed  but  upon  fuch  a principle)  have  mani- 
feltly  been  totally  falfe;  as  fuch  experiments  only  fhew  the  refiftancc 
which  arifes  from  the  cohefion  and  fridtion  conjointly, 

96.  Let  e,  f,  g,  (%.  3.)  reprefent  cither  a cy- 
linder, or  that  circular  fedtion  of  a body  on  which 

* 

it  rolls  down  the  inclined  plane  CA  in  confequence 
of  its  fri£tion,  to  find  the  time  of  defeent  and  the 
number  of  revolutions. 

As  it  has  been  proved  in  prop.  94.  tha;  the  fridtion  of  a body  does 
not  increafe  in  proportion  to  its  weight  or  prefture,  we  cannot  there- 
fore, by  knowing  the  fridtion  on  any  other  plane,  determine  the  fric- 
tion on  CA\  the  fridtion  therefore  on  CA  can  only  be  determined  by' 
experiments  made  upon  that  plane,  that  is,  by  letting  the  body  defeend 
from  reft,  and  obferving  the  fpace  deferibed  in  the  firft  fecond  of  time; 
call  that  fpace  a,  and  then,  as  by  prop.  92.  fridtion  is  an  uniformly  re- 
tarding force,  the  body  mult  be  uniformly  accelerated,  and  confequemly 

r aq 

the  whole  time  of  defeent  in  feconds  will  be  — / . Now  to  de- 

v a 

termine  the  number  of  revolutions,  let  s be  the  center  of  ofcillation  to 
the  point  of  fufpenfion  a ; then,  becaufe  no  force  adting  at  a can  afivdt, 
the  motion  of  the  point  s,  that  point,  notwitnllanding  the  adtion  of  the 
ffidtion  at  a3  will  always  have  a motion  parallel  to  CA  uniformly  ac- 

F eelerated 


4* 
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celerated  by  a force  equal  to  that  with  which  the  body  would  be  acce- 
lerated if  it  had  no  friction;  hence,  if  2?n  — 32-  feet,  the  velocity  ac- 
quired by  the  point  s in  the  firil  fecond  will  be  — ; now  the 

G SI 

excefs  of  the  velocity  of  the  point  s above  that  of  r [r  being  the  center) 

is  manifeftly  the  velocity  with  which  s is  carried  about  >•;  hence  the 

, . r . , 2 mxCB  2tnxCB  -~2aXCA 

velocity  of  s about  the  center—  — — — 2 azz , 

2®xC5-2«xC^  2m  X ra  X CB  — 2a  X ra  X CA 
confequentl y,, : ra ::  -QA : - ^ 

— the  velocity  with  which  a point  of  the  circumference  is  carried  about 
the  center,  and  which  therefore  exprefles  the  force  which  accelerates 
the  rotation;  now  as  an  exprefles  the  accelerative  force  of  the  body 
down  the  plane,  and  the  fpaces  defcribed  in  the  fime  time  are  in  pro- 

portion  to  tl.ofe  forces,  we  have  2* : CA  ra  ^3-zaXr^xCA 


772 


x ra  X CB  — a X ra  X CA 


rsxCA 

the  'pace  which  any  point  of  the  circumr 

ference  defcribes  about  the  center  in  the  whole  time  of  the  hody’s  de- 
feent down  C A;  which  being  divided  by  the  circumference  p x ra 


axrs 


(where / — 6,283  &c.)  will  give 


m 


xBC — axAC 


for  the  whole  num- 


pXaXrs 

bcr  of  revolutions  required. 

Cor.  1.  If  a x CA  — m x BC,  the  number  of  revolutions  rr  o,  and 
therefore  the  body  will  then  only  fade;  confequently  the  fri&ion  va- 
nifiies. 

Cor.  2.  Let  dr's  (fig.  4.)  be  the  nextpofition  of  a r s,  and  draw  tr'b 
parallel  to  sa,  then  will  s t reprefent  the  retardation  of  the  center  r 
ariling  from  friftion,  and  a b will  reprefent  the  acceleration  of  a point 
of  the  circumference  about  its  center;  hence  the  retardation  of  the 
center  : acceleration  of  the  circumference  about  the  center  ;;  it  : ab 
::  (by  fun.  A’s)  tr  : br  ::  rs  : ra. 

Cor  3.  If  a coincide  with  a,  the  body  does  not  Jlide  but  only  roll ; 
now  in  this  cafe  si  : rr  :.  a:  : ar;  but  as  ss  and  rr  reprefent  the  ratio 
of  the  velocities  of  the  points  s and  r,  they  will  be  to  each  other  as 

: 2a  or  as  m xCB  : aX  CA\  hence,  when  the  body  rolls 


CA 


without Jliding,  as  ; ar  ::  mXCB  : a X CA. 


Cor.  4.  The  time  of  defeent  down  CA  is  z=  /——\  but  by  the 

V'  a 

laft  cor.  when  the  body  rolls  without  Jliding,  a~’  ' y > a*  hence 

s a X AC.  ’ 

the:  time  of  defeent  in  that  cafe  — AC 
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AC 

of  defeent,  if  there  were  no  fridion,  would  be  rr  — Lra ; hence  the 

VmxBC 

time  cf  Jefcent,  when  the  body  rolls  without  fluting : time  of  free  de- 
cent ::  */sa  : V ra.  If  the  body  be  a cylinder,  the  time  of  rolling 

without  Hiding  — 0,30 5 AC  X ^ ^C  — 1 ft.  AC  — 3 ft.  3,36 

in.  the  time  of  defeent  — 1".  If  AC  — 4 ft.  BC  — 4,46  in.  the  time 
2".  The  dimenfions  of  the  cylinder  are  of  no  confequence. 

Cor.  5.  By  the  lad  con.  it  appears,  that  when  the  body jud  rolls 
without  fiding,  or  when  the  fridion  is  juft  equal  to  the  accelerative 


force,  the  time  of  defeent  — AC 


sa 


now  it  is  manifed. 


\/ m X ra  X BC  ’ 

that  the  time  of  defeent  will  continue  the  fame,  if  the  fi  idion  be  in- 
creafed,  for  the  body  will  dill  freely  roll,  as  no  increafe  of  the  fridion 
ading  at  a can  affect  the  motion  of  the  point  s. 

If  the  body  be  projected  from  C with  a velocity,  and  at  the  fame 
time  have  a rotatory  motion,  t-hc  time  of  defeent  and  the  number  of 
revolutions  may  be  determined  from  the  common  principles  of  uni- 
formly accelerated  motions,  as  we  have  already  invedigated  the  acce- 
lerative force  of  the  body  down  the  plane  and  of  its  rotation  about  its 
axis;  it  feems  therefore  unneceffary  to  add  any  thing  further  upon  that 
fubjed. 


97.  Let  a body  be  projected  on  an  horizontal 
plane  LM  (fig.  5.)  with  a given  velocity,  to  de- 
termine the  fpace  through  which  the  body  will 
move  before  it  flops,  or  before  its  motion  becomes 
uniform. 

Case  I.  1.  Suppofe  the  body  to  have  no  rotatory  motion  when  it 
begins  to  move ; and  let  a — the  velocity  of  projedion  per  fecond  mea- 
fured  in  feet , and  let  the  retarding  force  of  the  fridion  of  the  body, 
meafured  by  the  velocity  of  the  body  which  it  can  dedroy  in  one  fe- 
cond of  time,  be  determined  by  experiment  and  called  F,  and  let  * be 
the  fpace  through  which  the  body  would  move  by  the  time  its  motion 
was  all  dedroyed,  when  projeded  with  the  velocity  a,  and  retarded  by 
a force  F ; then,  from  the  principles  of  uniformly  retarded  motion,  x — 

c?  . . a 

— ; and  if  t — time  of  deferibing  that  fpace,  we  have  r rr — , and  hence 

the  fpace  deferibed  in  the  fird  fecond  of  time  ra  Za~S.m  Now  it  is  ma- 

2 

rufed,  that  when  the  rotatory  motion  of  the  body  about  its  axis  is  equal 
to  its  progreffive  motion,  the  point  a will  be  carried  backwards  by  the 

F % former 
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former  motion,  as  much  as  it  is  carried  forwards  by  the  latter ; confe- 
quently the  point  of  contadl  of  the  body  with  the  plane  will  then  have 
no  motion  in  the  diredlion  of  the  plane,  and  hence  the  friftion  will  at 
that  inftant  ceafe,  and  the  body  will  continue  to  nil  on  uniformly  with- 
out  jlidiug  with  the  velocity  which  it  has  at  that  point.  Put  therefore 
z — the  fpace  defcribed  from  the  commencement  of  the  motion  till  it 
becomes  uniform,  then  the  body  being  uniformly  retarded,  the  fpaces 
from  the  end  of  the  motion  vary  as  the  fquares  of  the  velocities ; hence 

— , : ad  (::  i : iF)  ::  — — x.  : a~ — zFz  — fquare  of  the  progreffive 

velocity  when  the  motion  becomes  uniform;  therefore  the  velocity  de- 

ftroyed  by  fri&ion  ~a  — \/ a~  — s Fz;  hence,  as  the  velocity  generated 
or  deliroyed  in  the  fame  time  is  by  proportion  57.  in  proportion  to 

the  force,  we  have  by  cor.  2.  prop.  96.  rs  : ra  w a — Fz  : — 

rs 

X a—  y'rP—  zFz  the  velocity  of  the  circumference  efg  generated 

rn ■ ■ - 

about  the  center,  confequently  >/  az  — zFz  — — X«—  \Sa1  — zFz, 


and  hence  z ~ r-- " r„  * £ * - the  fpace  which  the  body  defcribes 

ci  s X 

before  the  motion  becomes  uniform. 

2.  If  we  fubftitute  this  value  of  z into  the  expreffion  for  the  ve- 


locity, we  fliall  have  a x — for  the  velocity  of  the  body  when  its  mo- 

rs 

tion  becomes  uniform;  hence  therefore  it  appears,  that  the  velocity  of 
the  body,  when  the  fri&ion  ceafes,  will  be  the  fame  whatever  be  the 
quantity  of  the  friftion.  If  the  body  be  the  circumference  of  a circle 
it  will  always  lofe  half  the  velocity  before  its  motion  becomes  uniform! 

Case  II.  1.  Let  the  body,  befides  having  a progreffive  velocity 
in  die  direction  LM,  have  alio  a rotatory  motion  about  its  center  in 
the  direction  gfe,  and  let  7/  reprcfent  the  initial  velocity  of  any  point 
of  the  circumference  about  the  center,  and  fuppofe  it  hrlt  to  be  lefs 
than  a;  then  fri&ion  being  an  uniformly  retarding  force,  no  alteration 
of  die  velocity  of  the  point  of  contadt  of  the  body  upon  the  plane  can 
affecl  the  quantity  of  fridlion;  hence  the  progreffive  velocity  of  the 
body  will  be  the  fame  as  before,  and  confequently  the  rotatory  velo- 
city generated  by.fridtion  will  alfo  be  the  fame,  to  which  if  we 
add  the  velocity  about  the  center  at  die  beginning  of  the  motion,  we 


fliall  have  the  whole  rotatory  motion;  hence  therefore,  v rfl  x 

rs 


a — %/ a 1 — zF z~s/ a1 — 2 Fz,  confequently v X rs -f-axra 

2 F X asz 

the  fpace  defcribed  before  the  motion  becomes  uniform. 

2.  If  tins  value  of  z be  fubiiituted  into  the  expreflion  for  the  velo- 
city. 
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city,  vvc  fhall  have 


<v  x rs  -f  a X ra 
as 


for  the  velocity  when  the  friction 


ceafes. 

3.  Ifv  — a,  then  z~o,  and  hence  the  body  will  continue  to  move 
uniformly  with  the  firll  velocity. 

4.  If  -v  be  greater  than  a,  then  the  rotatory  motion  of  the  point  a 
on  the  plane  being  greater  than  its  progreflive  motion  and  in  a con- 
trary direction,  the  ablolute  motion  of  the  point  a upon  the  plane  will 
be  in  the  direction  ML,  and  cbnfequently  fridtion  will  now  aft  in  the 
direction  LM  in  which  the  body  moves,  and  therefore  will  accelerate 
th <s prcgrejji've  and  retard  the  rotatory  motion;  hence  it  appears,  that 
the  progreilive  motion  of  a body  may  be  accelerated  by  fridlion.  Now 
to  determine  the  fpace  deferibed  before  the  motion  becomes  uniform, 
we  may  obferve,  that  as  the  progreflive  motion  of  the  body  is  now  ac- 
celerated, the  velocity  after  it  has  deferibed  any  fpace  ss  will  be  — 

i/if  + zFz,  hence  the  velocity  acquired  rz  a/^-j-zFz—  a,  and  con- 

v a 

fequently  the  rotatory  velocity  dellroyed  — " X Va^  + zFx—a,  hence 


•u X a — >/«*  + zFz,  therefore  k zr 

rs 

— azXasz 


rs  Xv  + ra  Xa 


2F  X 


as 


the  fpace  required. 


5.  If  a — o,  or  the  body  be  placed  upon  the  plane  without  any  pro- 

r s'1 

greflive  velocity,  then  z — -^r 


rsz  x i)1 


Xas 1 


Case  III.  1.  Let  the  given  rotatory  motion  be  in  the  di red! ion 
g ef;  then  as  the  fridlion  mull  in  this  cafe  always  adl  in  the  dircdlion 
ML,  it  mull  continually  tend  to  deftroy  both  the  progreflive  and  rota- 
tory motion.  Now  as  the  velocity  dellroyed  in  the  fame  time  is  in 
proportion,  to  the  retarding  force,  and  the  force  which  retards  the  ro- 
tatory is  to  the  force  which  retards  the  progreffive  velocity  by  cor.  2. 
prop.  96.  as  ra  : rs,  therefore  if  at  be  to  a as  ra  is  to  rs,  then  the  re- 
tarding forces  being  in  proportion  to  the  velocities,  both  motions  will 
be  dellroyed  together,  and  consequently  the  body,  after  deferibing  a 
certain  fpace,  will  reft ; which  fpace,  being  that  deferibed  by  the  body 
uniformly  retarded  by  the  force  F,  will,  from  what  was  proved  in 


cafe  I.  be  equal  to 


2.  If  v bear  a greater  proportion  to  a than  ra  does  to  rs,  it  is  ma- 
nixeft,  that  the  rotatory  motion  will  not  be  ail  dellroyed  when  the  pro- 

az 

greflive  is;  confequently  the  body,  after  it  has  deferibed  the  fpace  — , 

will  return  back  in  the  diredlion  ML ; for  the  progreflive  motion  being 
then  dellroyed,  and  the  rotatory  motion  Hill  continuing  in  the  direc- 
tion j-e/i  will  caufe  the  body  to  return  with  an  accelerated  velocity 

until 
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until  the  friction  ceafes  by  the  body’s  beginning  to  foil,  after  which  it 
will  move  on  uniformly.  Now  to  determine  the  fpace  defcribed  be- 
fore this  happens,  we  have  rs  : ra  ::  a : the  rotatory  velocity 


rs 


deftroyed  when  the  progreflive  is  all  loll ; hence  <v  • 


f'a  x a 
r s 


<v  X rs  — a X ra 


rs 


— the  rotatory  velocity  at  that  time,  which  being  fub- 


liituted  for  as  in  the  Iaft  article  of  cafe  II.  gives  — for  the 

b zF  Xas 

(pace  defcribed  before  the  motion  becomes  uniform. 

3.  If  <v  have  a lefs  proportion  to  a than  ra  has  to  rs,  ic  is  manifeft, 
that  the  rotatory  motion  will  be  deitroyed  before  the  progreJJi<ve ; in 
which  cafe  a rotatory  motion  will  be  generated  in  a contrary  direction 
until  the  two  motions  become  equal,  when  the  friflion  will  initantly 
ceafe,  and  the  body  will  then  move  on  uniformly.  Now  ra  : rs  ::  • v : 

the  progreflive  velocity  deftroyed  when  the  rotatory  velocity 


ra 


ceafes,  hence  a ■ 


<vXrs  aXra — vXrs 


ra 


ra 


for  the  fpace  defcribed  after  the  rotatory 


= progreflive  velocity  when  it 

begins  its  rotatory  motion  in  a contrary  direction;  fubftitute  therefore 
this  quantity  for  a in  the  expreflion  for  ss  in  cafe  I.  and  we  have 

— X 

rs ~ + 2 rs  x ra  XaX  ra — -z>  X rs 
asxXarzXzF 

motion  ceafes  before  the  motion  of  the  body  becomes  uniform.  Now 
to  determine  the  fpace  defcribed  before  the  rotatory  motion  was  all 
deftroyed,  we  have  (as  the  fpace  from  the  end  of  a uniformly  retarded 

motion  varies  as  the  fquare  of  the  velocity)  az  : ::  aXfa  v*rs 

-2  • 1 


ra 


, the  fpace  that  would  have  been  defcribed  from  the 


aXra—atyrs 

' zF~XrcF‘ 

time  that  the  rotatory  velocity  was  deftroyed,  until  the  progreflive  mo- 
tion would  have  been  deftroyed,  had  the  friftion  continued  to  attj  hence 

za'vXraXrs-.'v*  xrs*  ‘ 

— — the  fpace  defcribed 


a aXra  — 'vXrs 

2. F~~ 


zFXra~ 


zFx 


ra * 


when  the  rotatory  motion  was  all  deftroyed;  hence 

rs x -f  zrs  X ra  X a X ar — vXsr  2 avXraXrs — <i'zXrrl  . . 

— -p x rc  whole  fpace 

as 1x.arzXzF  zrXta  r 

defcribed  by  the  body  before  its  motion  becomes  uniform. 


D E- 
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definition. 

The  center  of  fritllon  is  that  point  in  the  bafe  of  a body  on  which 
it  revolves,  into  which  if  the  whole  furface  of  the  bafe,  and  the  mafs 
of  the  body  were  colledted,  and  made  to  revolve  about  the  center  of 
the  bafe  of  the  given  body,  the  angular  velocity  dellroyed  by  its  fric- 
tion would  be  equal  to  the  angular  velocity  dtsftroyed  in  the  given 
body  by  its  fridtion  in  the  fame  time. 


98.  To  find  the  center  of  fri&ion. 

Let  FGH  (fig.  6.)  be  the  bafe  of  a body  revolving  about  its  center 
C,  and  fuppole  a,  b,  c,  &c.  to  be  indefinitely  fmall  parts  of  the  bafe, 
and  let  A,  B,  C,  Sec.  be  the  correfponding  parts  of  the  folid,  or  the 
prilmatic  parts  having  a , b,  c,  &c.  for  their  bafes  ; and  P the  center  of 
fridtion.  Now  it  is  manifeft,  that  the  decrement  of  the  angular  velo- 
city muft  vary  as  the  whole  diminution  of  the  momentum  of  rotation, 
caufed  by  the  friction  directly,  and  as  the  whole  momentum  of  rotation 
or  effedt  of  the  inertia  of  all  the  particles  of  the  folid,  inverfely ; the 
former  being  employed  in,  diminifhing  the  angular  velocity,  and  the 
latter  in  oppofing  that  diminution  by  the  endeavour  of  the  particles  to 
preferve  in  their  motion.  Hence,  if  the  effedt  of  the  friction  vary  as 
the  effedt  of  the  inertia,  the  decrements  of  the  angular  velocity  in  a 
given,  time  will  be  equal.  Now  as  the  quantity  of  friction  (as  has 
been  proved  from  experiments)  does  not  depend  on  the  velocity,  the 
effedt  of  the  fridtion  of  the  elementary  parts  of  the  bafe  a,  b,  c.  Sec. 
will  be  as  a X aC,  b x bC,  c x cC , &c.  alfo  the  effedt  of  the  inertia 
of  the  correfponding  parts  of  the  body  will  be  as  A x aCz,  B x bC2, 
C x cC2,  &c.  Now  when  the  whole  furface  of  the  bafe  and  mafs  of 
the  body  are  concentrated  in  P,  the  effedt  of  the  fridtion  will  be  as 

« + ^-fc+&c.  x CP,  and  of  the  inertia  as  A+B-f-C  f&c.  x CP2; 
confequently  aXaC  + b X bC  + cXcC+  Sec.  : 7+&C.  X CP  :: 

A X aC2+  B xbCz  + C xcC2  + & c.  : A+B  + C + Sc c.  X CPzi  and 

hence  CP . A XaC2 B xbC  -fCx  cCz  -f-  Stc.  x ^ 

a x aC  -f  b x bC  -f-  c X /C  -f-  &c.  x A B -i-  e dvc. 


5 rr  the  fum  of  the  produdts  of  each  particle  into  the  fquare  of  its  dif- 
tance  from  the  axis  of  motion,  T — the  fum  of  the  produdts  of  each 
part  of  the  bafe  into  its  distance  from  the  center,  s — the  area  of  tiie 


bafe,  / — the  folid  content  of  the  body) 


S x s 
fxi 


99.  Given  the  velocity  with  which  a body  be- 
gins to  revolve  about  the  center  of  its  bafe,  to  de- 
termine the  number  of  revolutions  which  the  body 
will  mak?  before  all  its  motion  is  destroyed. 


\ 
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Let  the  fri&ion,  exprefled  by  the  velocity  which  it  is  able  to  deftroy 
in  one  fecond  in  the  body  if  it  were  projected  in  a right  line  horizon- 
tally be  determined  by  experiment,  and  called  F;  and  fuppofe  the 
initial  velocity  of  the  center  of  fridtion  P about  C to  be  a.  Then 
conceiving  the  whole  furface  of  the  bafe  and  mals  of  the  body  to  be 

colle&ed  into  the  point  P,  and  (as  has  been  proved  in  prop.  97.)  — 

will  be  the  fpace.  which  the  body  fo  concentrated  will  defcribe  before 
all  its  motion  is  destroyed;  hence  if  we  put  z — PC,  p ~ the  circum- 
ference of  a circle  whofe  radius  is  unity,  then  will  pz.  — circumference 

defcribed  by  the  point  P ; confequently  — - — — the  number  of  revo-* 

lutions  required. 

Cor.  If  the  folid  be  a cylinder  and  r be  the  radius  of  its  bafe,  then 


z 


— , and  therefore  the  number  of  revolutions  — — — 

4 lPrF 


100.  When  a wheel  turns  upon  an  axle,  the 
force  to  overcome  the  friction  is  diminifhed  in  the 
ratio  of  the  radius  of  the  wheel  to  the  radius  of 
the  axle. 

For  the  force  which  turns  the  wheel  a£h  at  the  circumference  of  the 
wheel,  and  the  friction  a&s  at  the  circumference  of  the  axle;  the  force 
therefore  afling  at  a greater  diftance  from  the  axis  afts  at  fo  much  a 
greater  advantage  to  overcome  the  friftion. 

Hence  in  fridlion  wheels,  where  the  axle  of  the  wheel  to  which  the 
weight  is  applied  lies  upon  the  circumference  of  two  other  wheels 
turning  upon  their  axles,  the  friftion  is  diminifhed  in  the  ratio  of  the 
produdt  of  the  radii  of  the  wheels  to  the  produft  of  the  radii  of  the 
axles. 


ON  WHEEL  CARRIAGES, 

On  plain  hard  ground. 

ici.  The  utility  of  wheels  arifes  from  their 
turning  about  their  axles. 

For  it  requires  a lefs  force  to  draw  the  carriage  when  they  are  free 
to  turn  about  their  axles,  than  when  they  are  chained  together  and 
cannot  turn. 

102.  If  the  wheels  be  all  equal  and  narrow,  it 

re- 
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requires  the  fame  weight  to  draw  the  carriage, 
whether  it  be  loaded  before  or  behind. 

103.  If  broad  wheels  be  put  on  of  the  fame  fize 
and  weight,  it  requires  the  fame  weight  to  draw 
the  carriage  as  for  the  narrow  wheels,  at  whatever 
part  it  is  loaded. 

104.  If  two  wheels  be  low  and  two  high,  * It  re- 
quires a greater  weight  to  draw  the  carriage  than 
when  all  are  high. 

In  this  cafe  it  makes  no  fenfible  difference  which  go  before.  The* 
common  opinion  therefore  that  the  high  wheels  drive  on  the  lower' 
when  they  go  forward  is  not  true. 

105.  If  the  wheels  be  all  equal,  it  requires  a 
greater  weight  to  draw  the  carriage,  the  lefs  the 
wheels  are. 

The  difadvantage  of  fmall  wheels  arifes  from  hence,  that  the  refin- 
ance of  the  ground,  which  turns  the  wheels  about,  more  eafily  over- 
comes the  fridion  at  the  axle  in  a large  tiian  a fmall  wheel,  becaufe  it 
ads  at  a greater  diftance.  For  the  mechanical  advantage  of  wheels  is, 
that  the  refiffance  which  mud  be  overcome  by  a force  more  than  equi- 
valent to  it  if  the  wheels  could  not  turn,  is  overcome  by  a lefs  force  in 
the  proportion  of  the  radius  of  the  wheel  to  the  radius  of  the  axle* 
when  the  wheels  do  turn.  Hence  the  difadvantage  of  laying  the  load 
upon  the  low  wheels,  as  it  increafes  the  fridion  where  there  is  the 
leaft  power  to  overcome  it.  Dr.  Desaoulif.rs  has  given  a wrong 
reafon  for  the  difadvantage  of  fmall  wheels;  for  he  fays,  that  the  fmaller 
wheel  moving  quicker  upon  the  axis  than  the  large  one,  mufl  have  fa 
much  the  more  fridion ; whereas  it  appears  by  prop.  92.  that  the  fric- 
tion is  the  fame  whatever  be  the  velocity.  Where  the  load  is  bat  fmall, 
and  confequently  the  fridion  but  fmall,  there  is  but  a fmall  difference 
between  the  fmall  and  large  wheels;  but  when  the  load  is  great  the  dif- 
ference becomes  confiderable.  The  high  wheels  ufed  in  thefe  experi- 
ments were  6 inches  diameter,  and  the  low  wheels  3,  and  the  carriage 
weighed  about  22  oz.  exclulive  of  the  wheels. 

On  hard  ground  with  ohjiaclcs. 

106.  If  IV  he,  the  weight  of  the  carriage-,  and 
the  center  of  gravity  be  in  the  middle ; alfo  if  r = 

g the 


I 
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the  radius  of  the  wheel  and  x = the  height  of  the 
obstacle,  then  the  power  P abting  parallel  to  the 
horizon  which  is  juft  fufficient  to  balance  the  car- 
riage at  the  obfiacle  without  drawing  it  over= 

WXs/  2rx — xz 

2 r — 2X 

For  the  power  may  be  conceived  to  be  draw ing  a weight  up  an  in- 
clined plane  which  is  a tangent  to  the  circle  at  the  point  where  it 
touches  the  obfiacle;  and  as,  when  that  end  rifes,  the  other  refts  upon 
the  horizontal  plane,  the  power  has  to  elevate  a weight  only  equal  to 
\W. 

Experiments  of  this  kind  are  fubjeft  to  inaccuracies  which  cannot 
be  accounted  for.  The  power  will  fotnetimes  hang  for  fome  time 
without  moving  the  carriage,  and  then  it  will  fuddenly  draw’  the  car- 
riage over  the  obliacle.  Sometimes  there  will  be  a difference  of  - oz. 
out  of  about  iooz.  in  drawing  the  fame  carriage  over  the  fame  ob- 
ftacle,  although  every  care  is  taken  to  have  all  the  circumftances  ac- 
curately the  fame.  Many  of  the  experiments  however  anfwer  very 
nearly  to  the  theory,  nor  do  any  of  them  differ  from  it  very  materially. 

The  ule  of  high  wheels  in  going  over  obltacles  is  very  manifelt  from 
this  propofition,  and  as  carriages  are  continually  going  over  obltacles, 
high  wheels  will  always  have  the  advantage.  Moreover  in  finking 
into  holes  they  have  a double  advantage,  firit,  they  do  not  fink  fo  deep 
as  low  ones  u'ould,  and  fecondly,  after  finking,  they  afeend  again  with 
lefs  power.  As,  when  the  center  of  gravity  is  in  the  middle  of  the 
carriage,  the  power  has  but  half  its  weight  to  elevate  in  going  over  an 
obfiace,  therefore  when  the  load  is  not  in  the  middle,  it  throws  the 
center  of  gravity  towards  one  end,  and  therefore  when  that  end  goes 
over  an  obfiacle  the  power  has  more  than  half  the  weight  to  raife,  die 
p reffu re  upon  each  wheel  being  inverfely  as  the  difiance  of  the  center 
of  gravity  from  them.  Hence  every  carriage  lhould  be  loaded  molt 
towards  the  higheft  wheels,  by  which  means  lefs  than  half  the  weight 
will  be  thrown  upon  the  lower  wheels,  and  thus  each  pair  of  wheels 
may  be  made  to  require  the  fame  power  to  draw  them  over  an  obfiacle. 
The  fame  power  however  that  may  be  necefiary  for  one  obfiacle  will 
not  be  fufficient  for  another. 

If  the  height  of  the  obfiacle  be  inconfiderable  in  refpeft  to  the  radius 
of  the  wheel,  which  is  the  cafe  with  the  common  obltacles,  as  hones, 

rz 

&c.  which  carriages  ufually  meet  with,  then  P ~W  x , / — . Now 
. 2 r 

as  each  pair  of  wheels  has  the  fame  obltacles  to  go  over,  at  is  given, 
and  that  P may  be  given,  or  that  it  may  require  the  fame  power  for 
each  pair,  U mu  ft  vary  as  \/  r;  no  tv  the  weight  fupported  bv  each 
wheel  is  inverfely  as  its  difiance  from  the  center  of  gravity.  Hence 
to  ov ci come  imull  obltacles,  the  difiance  of  die  center  ol  gravity  front 

the 
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the  great  wheels  : its  diftance  from  the  fmall  ::  the  fquare  root  of  the 
radius  of  the  fmall  wheel  : the  fquare  root  of  the  radius  of  the  large 
wheel.  Now  I find  that  the  radii  of  the  wheels  of  a common  waggon 
are  about  5 ft.  8 in.  and  4 ft.  8 in.  and  the  diltance  of  the  wheels, 
when  narrow,  about  6 ft.  6 in. ; hence  the  center  of  gravity  of  the  load 
of  a waggon  ought  to  be  about  3,6  in.  nearer  to  the  higher  than  to 
the  lower  wheels.  For  a broad  wheel  waggon,  where  the  diltance  of 
the  wheels  is  about  7 ft.  10  in.  the  center  of  gravity  ought  to  be  about 
4,2  in.  nearer  to  the  higher  than  to  the  lower. 

It  appears  alfo  that  when  W and  x are  given  and  x is  very  fmall, 
P varies  inverfely  as  the  fquare  root  of  the  radius  of  the  wheel.  Hence 
the  advantage  of  a wheel  to  overcome  a fmall  obltacle  varies  as  the 
fquare  root  of  the  radius  of  the  wheel.  This  refiltance  of  the  obllacle 
caufes  the  wheel  to  turn,  but  this  refinance  is  not  friction ; for  fridtion 
arifes  from  the  rubbing  of  the  parts  of  one  body  againft  thofe  of  an- 
other, whereas  here  the  wheel  only  turns  upon  a point;  the  ffidtion 
therefore  only  takes  place  at  the  axle,  where  the  parts  rub  one  againlt 
another.  There  is  therefore  no  fridion  at  the  ground,  unlefs  when  the 
wheels  Hide,  which  is  the  cafe  when  they  are  chained  together,  which 
is  frequently  done  to  prevent  them  from  running  too  fait  down  a hill. 


Upon  [and. 

1 07.  It  requires  a lefs  force  to  draw  a narrow 
than  a broad  wheel  carriage  upon  fand. 

The  difad  vantage  of  the  broad  wheels  feem  to  arife  from  their 
driving  the  fand  before  them. 

108.  If  two  wheels  be  high  and  two  low,  it  re- 
quires a greater  force  to  draw  the  carriage  than 
when  all  the  wheels  are  high. 

109.  If  all  the  wheels  be  low,  it  requires  a 
greater  force  to  draw  the  carriage  than  in  the  lafl 
cafe. 

In  all  thefe  cafes  it  requires  a lefs  force  to  draw  the  carriage  when 
loaded  behind  than  before. 
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DEFINITION. 

j.  A F LUID  is  a body  whofe  parts  are  put  in  motion  one  among 
another  by  any  force  imprefied;  and  which,  when  the  im- 
prefled  force  is  removed,  reftores  itfelf  to  its  former  flate. 

All  fluids  may  be  divided  into  elaftic  and  non-elaftic;  elaftic  com- 
prehend the  different  kinds  of  airs,  and  non-elaftic  the  different  kinds 
of  liquids.  As  many  bodies,  by  cold,  from  liquids  become  folids,  fuch 
bodies  might  be  defined  to  be  liquids  fo  long  as  their  furfaces,  when 
difturbed,  will  reftore  themfelves  to  an  horizontal  pofition.  The  defi- 
nition fuppofes  a partial  preflure ; for  if  the  fluid  be  incompreflible, 
under  an  equal  general  preflure,  none  of  the  parts  will  move.  From 
the  eafe  with  which  the  parts  of  a fluid  are  moved,  it  is  fuppofed  to  be 
conftituted  of  particles  round  and  very  fmooth. 

z.  The  fpecific  gravity,  and  alfo  the  denfity  of  a body,  is  in  pro- 
portion to  its  quantity  of  matter  or  weight,  when  the  magnitude  is 


ON  THE  PRESSURE  OF  FLUIDS. 

1.  A fluid  weighs  as  much  in  a fluid  of  the 
fame  kind,  as  it  does  out  of  the  fluid. 

2.  The  furface  of  every  fluid  at  reft  is  horizontal. 

3.  If  the  denfity  of  a fluid  be  uniform,  the  preft 
fare  at  any  depth  is  in  proportion  to  the  depth. 

4.  Fluids  prefs  equally  in  all  directions. 

Hence  the  lateral  preflure  of  a fluid  is  equal  to  the  perpendicular 
preflure.  This  is  one  of  the  moll  extraordinary  properties  of  fluids, 
and  can  be  conceived  to  arife  only  from  the  extr,  me  facility  with  which 
the  component  particles  move  amongft  each  other.  It  will  be  difficult 
to  conceive  how  this  is  poflible  to  happen  if  we  fuppofe  the  particles 
to  be  in  contadt ; they  are  therefore  probably  kept  at  a diftance  from 

each 
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each  other  by  a rcpulfxve  power,  which  power  in  water,  admitting 
the  truth  of  the  experiments  related,  mull  be  greater  than  any  human 
power  that  can  be  applied.  This  is  one  remarkable  difference  between 
folids  and  fluids,  as  the  former  prefs  only  downwards. 

This  and  the  laft  prop,  accounts  for  what  is  called  the  hydroftatical 
paradox,  by  which  very  great  weights  may  be  balanced  by  a very  fmall 
weight  of  water  without  its  adting  at  any  mechanical  advantage. 

l 

5.  If  two  fluids  of  the  fame  kind  communicate, 
their  furfaces  will  reft  in  the  fame  horizontal  plane. 

The  Romans  do  not  appear  to  have  known  this  property  of  fluids, 
otherwife  they  would  not  have  been  at  the  expence  of  conveying  their 
water  from  one  place  to  another  over  arches  built  one  upon  another. 

6.  If  a fluid  prefs  againft  any  furface,  the  pref- 
fure  varies  as  its  area  multiplied  into  the  depth  of 
its  center  of  gravity,  the  preflure  at  every  point 
being  eftimated  in  a diredtion  perpendicular  to  the 
furface  at  that  point. 

The  preflures  of  different  fluids  will  vary  as  above,  and  as  their  den- 
fities  conjointly. 

7.  The  preflure  of  a fluid  againft  any  furface 
is  equal  to  the  weight  of  a cylinder  of  that  fluid, 
whofe  bafe  is  equal  to  the  area  of  the  furface  and 
altitude  equal  to  the  depth  of  its  center  of  gravity. 

DEFINITION. 

The  center  of  preflure  of  a furface  is  that  point  to  which  if  a force 
equal  to  the  whole  preflure  were  applied,  but  in  a contrary  dire&ion, 
it  would  keep  the  furface  at  reft. 

8.  If  a plane  furface  which  is  prefled  by  a fluid 
be  produced  to  the  furface  of  the  fluid,  and  their 
common  interfedlion  be  made  the  axis  of  fufpen- 
lion,  the  center  of  ofcillation  will  be  the  center  of 
preflure. 

9.  If  two  different  fluids  communicate,  they 

will 
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will  (land  at  altitudes  from  the  plane  where  they 
meet,  which  are  inverfely  as  their  fpecific  gravities 
or  denfities. 

If  mercury  and  water  thus  commnnicate,  the  altitude  of  the  latter 
\\  ill  be  about  1 4 times  that  of  the  former. 


ON  TI-IE  SPECIFIC  GRAVITIES,  OR  DENSITIES 

OF  BODIES. 


10.  The  weight  IV  of  a body  varies  as  its  mag- 
nitude M and  fpecific  gravity  S conjointly. 

A cubic  root  of  rain  water  weighs  1000  ounces  avoirdupoife;  call  the 
fpecific  gravity  of  this  s,  and  then  W : 1000  ::  M x S : 1 ft.  x s,  hence 
if  we  affume  / zz  1000  as  a ftandard  to  compare  the  fpecific  gravities 
with,  we  have  IV—  Mx  S,  where  M is  the  magnitude  in  feet.  To  re- 
duce it  to  the  meafure  in  cubic  inches  we  have  ,1728  : 1 ::  1000  ; 
,5787  the  weight  of  a cubic  inch  of  rain;  hence  W-,  5787  MS,  where 
M is  the  magnitude  in  cubic  inches.  Now  a troy  ounce  : an  avoirdu- 
poife ounce.::  480  : 437,5,  for  an  avoirdupoife  ounce  contains  437,5 
grains  troy.  If  we  reduce  W to  troy  weight,  which  is  moil  com- 
monly ufed,  we  fhall  have  W —,52746  MS  troy  ounces  zz  253,18  MS 
grains.  Hence  if  W and  S be  given,  we  know  M the  magnitude  in 
cubic  inches.  By  this  method  Mr.  Atwood,  in  his  Analyfis,  con- 
itrudted  the  following  table  to  find  the  capacity  of  an  irregular  veil'd. 

Let  the  veilel  be  filled  with  water,  the  weight  of  which  is  A ounces, 
then  ,52746  '.Ay.  1 : the  capacity  in  cubic  inches.  Hence 
oz.  cub.  in.  oz.  cub.  in.  oz.  cub.  in. 


1 — 1,8959 

2 zz  3,7918 

3 = 5>6877 


4 = 7>S83S 

5 = 9,4794 

6 = IH3753 


7 zz  13,2712 

8 zz  15,1671 

9 zz  17,0630 


Hence  we  have  a very  accurate  method  of  determining  the  diameter 
d of  any  fphere  whofe  weight  is  -iv  and  fpecific  gravity  s,  that  of  water- 
being  unity.  For  the  folid  content  of  a fphere  whofe  diameter  is  1 is 
,5236;  hence  1 : ,5236  ::  253,18  grains  : 132,438  grains  the  weight 
of  a fphere  of  water  whofe  diameter  is  t ; hence,  as  the  weights  of 
fpheres  are  as  their  fpecific  gravities  and  cubes  of  their  diameters  con- 
jointly, we  have  132,428  sV~  zv,  confequently  <7— — i ’ x ,19612, 


which  is  the  rule  given  by  Mr.  Atwood. 


11.  If  a body  fwim  on  a fluid,  it  will  not  reft 
till  its  center  of  gravity  is  in  a vertical  line  with 
the  center  of  gravity  of  the  water  difplaced. 
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For  the  body  is  fupported  by  a force  under  it  equal  to  the  reaction  of 
the  fluid  difplaced,  and  the  effedft  of  the  force  of  this  fluid  and  of  the 
body  fupported  being  the  fame  as  the  efteft  of  each  concentrated  in  its 
center  of  gravity,  their  centers  of  gravity  mult  be  in  the  fame  vertical 
line,  otherwife  the  body  will  not  be  fupported. 

12.  If  a body  fwim  on  a fluid,  it  difplaces  as 
much  fluid  as  is  equal  in  weight  to  the  body;  and 
the  part  immerfed  : the  whole  body  ::  the  Ipecinc 
gravity  of  the  body  : that  of  the  fluid. 

The  hydrometer  is  an  inftrument  for  finding  the  fpecific  gravities 
of  fluids,  and  is  conftrufled  upon  the  principle  of  this  propofition,  by 
meafuring  how  far  it  finks  in  different  fluids,  and  the  parts  immerfed 
are  inverfely  as  the  fpecific  gravities  of  the  fluids.  It  is  ufually  a brafs 
Hem  with  a bubble  at  the  bottom  into  which  iomething  heavy  is  put 
to  make  it  fink  and  keep  the  ftem,  which  is  graduated,  upright,  in  order 
to  Ihew  how  much  it  finks  in  different  fluids;  and  by  knowing  the 
weight  of  the  whole  inftrument  and  of  any  part  of  the  ftem,  you  de- 
termine their  fpecific  gravities.  This  inftrument  is  alfo  made  ufe  of 
to  find  whether  a liquor  is  above  or  below  proof,  by  obfer-ving  whe- 
ther it  ftands  above  or  below  that  point  upon  the  ftem  which  is  proof. 
Many  improvements  have  been  made  to  this,  inftrument,  of  which  thole 
lately  made  by  Mr.  Rams  den  feem  to  be  the  moft  important. 

In  this  propofition  we  negleft  the  effedt  of  the  air  upon  the  part 
without  the  fluid,  which  is  conftdered  in  prop.  17. 


13.  The  weight  which  a body  lofes  when  wholly 
immerfed  in  a fluid  is  equal  to  the  weight  of  an 


14.  The  weight  which  a body  lofes  in  a fluid  : 
its  whole  weight  ::  the  fpecific  gravity  of  the  fluid  : 
that  of  the  body. 

If  the  body  which  is  weighed  in  a fluid  be  wood,  it  fliould  firft  be 
well  rubbed  over  with  greafe,  or  be  varnilhed,  to  prevent  its  imbibing 
any  of  the  fluid. 

When  we  fay  a body  lofes  part  of  its  weight,  we  do  not  mean  that 
it  gravitates  lefs  than  it  did  before,  or  that  its  real  weight  is  lefs,  but 
that  it  is  partly  fupported  by  the  reaction  of  the  fluid  upwards  a?ainft 
its  under  furface,  and  therefore  it  requires  a lefs  weight  to  fupport  it; 
the  weight  thus  faid  to  be  loft  is  communicated  to  the  fluid,  for  the 
font  of  the  weights  of  the  body  and  fluid  is  juft  the  fame  when  the  body 
is  in  the  fluid  as  when  out,  By  this  propofition  the  fpecific  gravity  of 
a folid  and  fluid  are  compared. 


Cor.  1. 
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Cor.  i.  Hence  if  different  bodies  be  weighed  in  the  fame  fluid,  their 
fpecific  gravities  will  be  as  their  whole  weights  directly  and  the  weights 
loll  inverf'ely. 

If  the  body  to  be  examined  conflft  of  fmall  fragments,  they  may  be 
put  into  a fmall  bucket  and  weighed,  and  then  if  from  the  weight  of 
the  bucket  and  body  in  the  fluid  we  fubtracl  the  weight  of  the  bucket 
in  the  fluid,  there  remains  the  weight  of  the  body  in  the  fluid. 

Cor.  2.  If  the  fame  body  be  weighed  in  different  fluids,  their  fpe- 
cific gravities  will  be  as  the  weights  loft. 

The  body  for  this  purpofe  fhould  not  be  wood,  as  that  would  im- 
bibe the  fluids;  a folid  glafs  bulb  is  the  molt  proper. 

Cor.  3.  Hence  if  two  bodies  of  different  magnitudes  balance  each 
other  in  any  fluid,  the  greater  will  preponderate  in  a lighter  fluid,  and 
the  lefs  in  an  heavier. 

15.  If  ^ be  a body  lighter  than  the  fluid,  con- 
nect it  with  another  P which  is  heavier  lb  that 
together  they  may  fink,  and  let  the  weight  of  P 
in  the  fluid  be  a,  and  the  weight  of  P-j-^in  the 
fluid  be  b , and  let  d be  the  weight  of  ^out  of  the 
fluid ; then  the  fpecific  gravity  of  5^ : the  lpecific 
gravity  of  the  fluid  ::  d : a — b-\-d. 

16.  A body  immerfed  in  a fluid,  afeends  or  de- 
feends  with  a force  equal  to  the  difference  between 
its  own  weight  and  the  weight  of  an  equal  bulk 
of  the  fluid. 

17.  If  a lighter  fluid  reft  upon  an  heavier, 

and  their  fpecific  gravities  be  as  a : and  a body 
whofe  fpecific  gravity  is  c reft  with  one  part  P in 
the  upper  fluid  and  the  other  part  the  lower, 
then  P : b — c : c — a. 

Cor.  Hence  Qj.  c — a : b — a ; and  if  a be  fo  fmall  that  it 

may  be  negletled,  P + c ; b,  as  in  prop.  12. 

18.  If  a and  b be  the  fpecific  gravities  of  two 

fluids  to  be  mixed  together,  P and  ^ their  mag- 
nitudes, and  c the  fpecific  gravity  of  the  com- 
pound, then  P : b — c : c — a . 


it 
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It  is  here  fuppofed  that  the  magnitude  of  the  two  fluids  when  mixed 
is  equal  to  the  fum  of  the  two  magnitudes  when  feparate.  But  it  very 
often  happens  that  the  magnitude  of  the  mixture  is  lcfs  than  this  fum, 
owing,  probably,  partly  to  the  conftituent  particles  of  the  different  fluids 
being  of  different  magnitudes,  and  partly  to  their  chemical  attraflion. 
This  is  called  a penetration  of  dimenfions.  If  water  and  oil  of  vitriol 
be  mixed  together,  the  magnitude  of  the  mixture  is  lefs  than  the  fum 
of  the  two  magnitudes  when  feparate. 

19.  The  afcent  of  a light  body  in  an  heavier 
fluid  arifes  from  the  preflu  re  of  the  fluid  upwards 
againfl:  its  under  furface. 

For  if  the  body  be  placed  upon  the  bottom  of  the  veflel,  and  fo 
clofely  fitted  to  it  that  no  part  of  the  fluid  can  get  under,  it  will  reft ; 
but  if  it  be  lifted  up  fo  that  the  fluid  gets  under  it,  it  immediately  rifes. 

20.  If  a plate  of  brafs  be  clofely  fitted  to  the 
bottom  of  a glafs  veflel  of  the  fame  fize,  and  then 
immerfed  in  a fluid,  when  it  is  funk  to  about  8 
times  the  depth  of  its  thicknefs,  it  will  then  be 
fupported  by  the  fluid  under  it. 


ON  THE  TIME  OF  EMPTYING  VESSELS,  AND  ON 

SPOUTING  FLUIDS. 

' \ 

21.  If  a fluid  fpout  from  the  bottom  or  fide  of 
a veflel,  at  a fmall  diftance  from  the  orifice  the 
ftream  is  contradled,  and  when  the  orifice  is  fmall, 
the  diameter  of  the  fmalleft  part : the  diameter  of  the 
orifice  ::  21  : 25,  as  determined  by  Sir.  I.  New  ton. 

When  a fluid  fpouts  from  a veflel,  the  water  from  all  the  fides  rufh- 
Ing  towards  the  orifice  is  the  caufe  of  the  contraction  of  the  ftream, 
called  the  'vena  contratta.  Now  the  area  of  the  orifice  : the  area  of  the 
fmalleft  feftion  of  the  ftream  ::  25*  : 211  which  is  very  nearly  as  ^ % 

: 1 ; hence,  as  the  velocity  is  inverfely  as  the  area  of  the  feCtion,  the  , 
velocity  at  the  vena  contra&a  : the  velocity  at  the  orifice  ::  2 : 1. 

Now  from  the  quantity  of  water  running  out  in  a given  time,  and  the 
area  of  the  vena  contradta,  Sir  I.  Newton  found  that  the  velocity  there 
was  that  which  a body  acquires  in  falling  down  the  altitude  of  the  fluid 
above  the  orifice;  hence  the  velocity  at  the  orifice  being  lefs  in  the 

H ratio 
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ratio  0 1 V z : i>  niuft  he  that  which  is  acquired  in  falling  down  half 
the  altitude.  We  mull  therefore  diftinguifh  between  the  velocity  at 
the  orifice  and  at  the  vena  cotitratta,  and  in  the  doflrine  of  fpouting 
iiuids,  it  is  the  latter  velocity  which  we  mart  confider,  and  afliime  the 
point  of  projection  from  that  point.  This  is  true  only  upon  fuppofi- 
tion  that  the  orifice  is  very  fmall;  if  not,  the  velocity  there  is  lefs  than 
that  acquired  in  falling  down  half  the  height.  It  appears  however 
from  fome  experiments  which  I have  made,  that  the  velocity  of  the 
effluent  water  is  in  no  conjiant  ratio  of  any  part  of  the  depth;  when  the 
orifice  is  very  fmall  it  appears  that  the  velocity  there  is  very  nearly 
that  which  is  acquired  in  falling  down  half  the  depth;  but  as  the  fur- 
face  of  the  fluid  defcends  the  velocity  is  greater  than  that  acquired 
through  half  the  depth.  See  Parkinson’s  Hydroftaticks,  p.  83. 

22.  If  a veflel  empty  itfelf  through  an  orifice 
at  the  bottom,  and  the  area  of  the  fection  parallel 
to  the  bottom  continue  the  fame,  the  velocity  of 
the  furface  of  the  fluid  is  uniformly  retarded. 

23.  The  velocity  of  a fluid  through  different 
fedlions  of  the  fame  tube  or  veflel  varies  inverfely 
as  the  area  of  the  fection. 

If  a — the  furface  of  a fluid  running  out  of  an  orifice  0 at  the  bottom 
of  a veflel,  * — the  depth  of  the  fluid  at  that  time,  t — the  time  the 

fluid  has  been  running;  then  i — - X — ~=r,  where  sr=.  ibT\  feet. 

0 Vzsx 

Cor.  1 . If  the  veflel  be  cylindrical  or  prifmatic,  and  h — the  altitude, 
then  t — - x s/7  the  time  of  emptying. 

Cor.  2.  The  time  of  the  defcent  of  the  fluid  in  the  fame  veflel 

through  any  fpace  X */ih — ih — zz. 

0 y' s 

If  the  depth  of  a cylindrical  veflel  be  12  in.  and  the  diameter  of  the 
orifice  at  the  bottom  be  0,3  inches,  the  time  of  emptying  by  theory^ 
35  ',  which  agrees  very  nearly  with  experiment. 

24.  If  a cylindrical  veflel  be  kept  conffantly 
filled  with  a fluid,  twice  the  quantity  which  the 
veflel  contains  will  run  out  in  the  time  it  would 
have  emptied  itfelf. 

This  appears  by  mechanics  prop.  60.  becaufe  the  furface  of  the  fluid, 
when  the  veflel  empties  itfelf,  is  uniformly  retarded. 


f 
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In  all  the  propofitions  rcfpe&ing  the  times  in  which  veflels  empty 
themfelves,  the  orifice  is  fuppofed  to  be  very  fmall  in  refpeft  to  the 
bottom  of  the  veffel,  in  which  cafe  our  theory  and  experiments  agree 
very  nearly;  otherwife  they  do  not.  This  agreement  of  the  theory 
with  experiment,  proves  the  velocity  at  the  orifice,  whofe  magnitude 
is  under  the  above  rettrittion,  to  be  that  which  a body  acquires  in 
falling  down  half  the  depth  of  the  fluid,  the  theory  being  founded  upon 
that  principle.  As  the  orifice  increafes,  the  velocity  is  that  which  is 
acquired  in  falling  down  lefs  than  half  the  depth. 

25.  If  , a cylindrical  veil'd  12  inches  high  have 
a circular  orifice  at  the  bottom  of  0,3  in.  diameter, 
it  will  empty  itfelf  in  about  35";  but  if  a pipe  of 
the  fame  length  and  diameter  be  fixed  in  the  bot^ 
tom,  and  the  fluid  flow  through  it,  the  veffel  will 
be  emptied  in  about  1 8",  whether,  when  you  fill 
the  veffel,  you  flop  the  tube  at  the  top  or  the  bot- 
tom; but  if  the  pipe  increafe  downwards,  and  the 
diameter  of  the  lower  end  be  0,42  in.  the  time  of 
emptying  will  be  about  13". 

26.  If  a cylindrical  veffel  18  in.  deep  have  a cir- 
cular hole  at  the  bottom,  and  at  the  fide  clofe  to 
the  bottom,  of  0,45  in.  diameter;  alfo  if  a cylin- 
drical pipe  13,7  in.  long  and  of  the  fame  diameter 
be  fixed  in  the  fide  by  the  bottom  in  an  horizontal 
pofition;  in  all  thefe  cafes  the  time  of  emptying  is 
about  25";  but  if  the  pipe  increafe  in  its  diameter, 
fo  that  the  diameter  of  the  other  end  be  0,65  in, 
the  time  of  emptying  is  about  16". 

27.  If  a veffel  be  filled  with  a fluid,  and  from 
any  point  it  be  directed  to  fpout  upwards,  it  rifes 
nearly  to  the  height  of  the  furface  of  the  fluid  in 
the  veffel, 

Two  caufes  prevent  it  from  riflng  quite  fo  high,  one  is  the  refiilance 
of  the  air,  and  the  other  is  the  falling  back  of  the  fluid,  Hence,  iq 

H a cgn- 
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confequence  of  this  latter  obftruCtion,  the  fluid  will  rife  higher  if  the 
direction  deviate  a little  from  the  perpendicular.  In  great  velocities 
the  reftftance  is  fp  great,  that  Gravesakde  fays  the  greateft  height 
to  which  water  can  thus  be  projected  is  not  above  ioo  feet. 

28.  The  diftance  to  which  a fluid  fpouts  from 
the  fide  of  a veflel  upon  an  horizontal  plane,  is 
equal  to  twice  the  correfponding  ordinate  of  a cir- 
cular arc  whofe  diameter  is  equal  to  the  diftance 
of  the  furface  of  the  fluid  from  the  plane. 

From  the  diftance  to  which  a fluid  fpouts  from  the  fide  of  a veflel, 
it  appears  that  the  velocity  with  which  it  fpouts  muft  be  that  which  is 
acquired  in  falling  down  the  whole  deptli  of  the  fluid  above  the  orifice. 
Eut  it  has  been  fhown  that  the  velocity  through  the  flcCtion  of  the  ori- 
fice is  that  which  is  acquired  in  falling  through  half  the  depth  of  the 
fluid.  Hence  as  foon  as  the  fluid  gets  out  of  the  orifice,  it  acquires 
an  increafe  of  velocity  in  the  ratio  of  \/z  : 1.  The  preflure  of  the 
fluid  in  the  veflel  mull  therefore  continue  to  aCt  upon  the  effluent  fluid 
for  a fmall  diftance  after  it  has  palled  the  flection  of  the  orifice. 

ON  THE  ATTRACTION  BETWEEN  SOLIDS  AND 

FLUIDS. 

29.  If  two  glafs  planes,  forming  a very  fmall 
angle  with  each  other,  be  dipped  in  water,  the 
water  will  rife  between  them,  and  the  height  will 
be  greater  the  nearer  it  is  to  the  concourfe  of  the 
planes.  Mercury  will  in  like  manner  link. 

The  water  is  fuppofed  to  afeend  by  the  attraction  of  the  glafs  which 
lies  contiguous  to  the  furface  of  the  fluid.  The  mercury  defeends,  being 
more  attracted  by  itfelf  than  by  the  glafs.  The  upper  furface  of  the 
fluid  will  form  the  common  hyperbola,  one  of  whofe  afymptotes  is 
the  common  interfeCtion  of  the  planes,  and  the  other  lies  in  the  fur- 
facc  of  the  fluid  in  the  veflel.  Where  the  diftance  is  about  T ^ of  an 
inch,  the  water  rifles  about  an  inch.  If  the  planes  be  parallel,  the 
height  is  every  where  the  fame.  Mr.  Hauksbee  tried  the  fame  with 
marble  and  brafs  planes,  and  found  that  the  water  rofe  between  them. 

30.  If  very  fmall  glafs  tubes  be  dipped  in  water* 
the  water  will  Hand  in  them,  above  the  level  of  that 
in  the  vdlel,  at  altitudes  which  are  inverfely  as  their 
diameters. 


Hence 
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Hence  the  product  of  the  diameter  and  altitude  is  a constant  quan- 
tity, which  quantity  = ,053  of  an  inch.  To  meafure  the  diameter  of 
a capillary  tube,  put  in  i'ome  mercury  wiiofe  weight  is  ou,  and  let  it 
occupy  a length  of  the  tube  /;  then  if  13,6  be  the  ipecific  gravity  of 
mercury  (which  it  is  when  pureft)  when  that  of  water  is  1,  the  dia- 
r 

meter  — 1923.  For  if  d~  diameter,  the  content  of  the 


mercury  ~dzl  X ,7854,  and  as  one  cubic  inch  of  mercury  weighs  3443 

r~ 

grains,  we  have  1 : 3443  ::  dxl  X >7854  : w,  hence  d — y/r  x 


,01923.  This  rule  is  given  by  Mr.  Atwood  in  his  Analyfis,  p.  3. 

It  has  been  generally  fuppoied  that  the  water  is  impended  by  the  at- 
traction of  a fmall  annular  furface  on  the  infide  of  the  tube,  contiguous 
to  the  furface  of  the  water.  But  Dr.  Hamilton  (Left.  2.  p?4~.) 
fuppofes  it  to  arife  from  the  attraction  of  the  annulus  lying  juft  within 
the  lower  orifice  of  the  tube.  Mr.  Parkinson  howevei,  in  his  Syitem 
of  Hydroitatics,  thinks  neither  of  thefe  luppofitions  true,  but  fuppofes 
that  the  fluid  is  fuflained  by  the  immediate  attraction  of  the  glafs.  As 
the  fluid  will  rife  in  an  exhaufted  receiver,  it  cannot  in  any  way  be 
owing  to  the  air.  } 


31.  If  a be  the  altitude  at  which  water  will 
Hand  in  a capillary  tube  whole  diameter  is  d,  then 
if  another  tube  whofe  lower  part  is  larger  but 
whole  diameter  is  d at  the  altitude  a has^  its  air 
drawn  out,  the  water  will  rife  and  be  fufpended  at 
that  altitude. 

In  this  cafe  it  is  fuppofed  that  the  attraction  of  the  annular  furface 
contiguous  to  the  furface  of  the  water  fupports  all  the  fluid  immediately 
under  that  part  of  the  tube,  and  the  other  part  is  fupported  by  the 
preflure  of  the  air  on  the  furface  of  the  fluid  without  the  tube.  That 
this  is  true  appears  from  lienee,  that  the  experiment  will  not  fu'cceed  in 
a well  exhaufted  receiver.  Dr.  Jurin  tried  it  in  an  exhaufted  receiver 
and  fays  that  it  did  fucceed;  this  therefore  muft  have  happened  from 
his  aw  pump  not  exhaufting  fufliciently.  Dr.  Hook  makes  the  greateft 
altitude  in  the  fineft  capillary  tube  about  2 1 inches. 


32.  If  a glafs  tube  be  filled  with  allies  rammed 
very  clofe,  and  the  lower  end  be  dipped  in  water; 
the  water  will  gradually  rife  up  through  the  allies! 

Mr.  Hauksbee  took  a tube  32  inches  long,  and  found  that  the 
water  afeended  to  the  top  in  130  hours.  He  then  afles,  “ does  not 
this  arife  from  the  fame  caufe  as  in  fmall  tubes,  or  between  two  planes  f 

and 
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and  do  not  the  particles  of  this  matter,  by  their  little  hollows  and  in- 
tervals, form  a congeries  of  minute  flender  pipes,  or  furfaces  near  each 
other,  fo  that  the  liquor  rifes  by  one  and  the  fame  caufe?”  It  rifes  fafler 
in  vacuo  than  in  the  open  air,  becaufe  in  the  latter  cafe  it  has  all  the 
air  to  force  out.  Water  will  alfo  rife  in  fait,  fugar.  Sec.  in  the  fame 
manner.  The  afeent  of  juices  in  vegetables,  and  the  various  fecre- 
tions  of  fluids  through  the  glands  of  animals,  arife  from  the  fame  caufe, 
the  power  of  attradlion. 

33.  If  the  lower  of  two  glafs  planes  forming  a 
very  fmall  angle  with  each  other  be  parallel  to  the 
horizon,  and  their  furface  be  moiftened  with  oil 
of  turpentine,  oranges,  &c.  a drop  of  oil  placed 
between  them  will  move  towards  their  concourfe. 

ON  THE  RESISTANCE  OF  FLUIDS. 

34.  If  a body  move  in  a refilling  medium,  the 
refiftance,  within  certain  limits  of  the  velocity* 
varies  very  nearly  as  the  fquare  of  the  velocity. 

The  refinance  arifes  from  three  caufes,  the  inertia,  the  tenacity,  and 
the  fridtion  of  the  fluid.  The  latter  caufe  is  inconfiderable,  and  the 
fecond  is,  in  moll  fluids,  but  very  fmall  when  compared  with  the  Iner- 
tia. The  refiltance  arifing  from  the  tenacity  will  be  diminilhed  as  the 
velocity  increafes,  but  that  arifing  from  the  inertia  will  be,  within  cer- 
tain limits,  as  the  fquare  of  the  velocity.  In  very  fwift  motions,  the 
refifiance  of  the  air  increafes  in  a greater  ratio,  for  the  reafon  explained 
in  prop.  go.  of  mechanics;  and  in  other  fluids  the  fame  confequence 
would  follow,  for  the  fame  reafon,  for  projedted  bodies.  But  when  bo- 
dies defeend  in  fluids  fuch  as  water,  the  refinance  is  always  very  nearly 
as  the  fquare  of  the  velocity,  becaufe  the  body  never  can  acquire  a ve- 
locity beyond  a certain  limit.  The  greater  the  velocity  is  the  lefs 
will  be  the  preflure  againfi  the  back  part  of  the  body,  and  this  varia- 
tion of  preflure  will  caufe  a deviation  in  the  law  of  refinance.  Air, 
water  and  mercury  are  called  perfedt  fluids,  not  having  any  fenfible 
tenacity  or  friction.  This  dodtrine  of  refinance  was  ertablifhed  by 
Sir  I.  Newton,  by  a variety  of  experiments.  See  the  Principia, 
Vol.  II.  prop.  31.  Scholium. 

3 5.  When  plane  bodies  move  in  refilling  me- 
diums, the  refiftance  varies  as  their  areas,  fquares 
of  their  velocities  and  denfities  of  the  mediums 

•'  • **  * t * * * » 7 . ” . > 

conjointly. 
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36.  If  a plane  body  move  obliquely  in  a refill- 
ing medium,  and  the  force  of  the  oblique  flroke  : 
the  force  of  the  direct  ltroke  ::  the  fine  of  the 
angle  at  which  the  plane  ftrikes  the  fluid  : radius, 
the  refiftance  perpendicular  to  the  plane  varies,, 
casteris  paribus,  as  the  fquare  of  the  fine  of  the 
angle  at  which  the  plane  ftrikes  the  fluid. 

The  principle  upon  which  this  propofition  is  founded  is  not  true 
when  the  body  moves  in  air,  as  will  be  fhown  by  experiment.  I have 
not  yet  had  an  opportunity  of  examining  whether  it  be  true  for  water. 
The  two  next  propofitions  fuppofe  the  truth  of  the  fame  principle,  and 
therefore  are  not  true  for  air. 

37.  The  refiflance  of  the  fame  plane  in  the  di- 
rection of  its  motion  varies  as  the  cube  of  the  fine 
of  the  fame  angle. 

38.  The  refiflance  of  the  fame  plane  in  a di- 
rection perpendicular  to  its  motion  varies  as  the 
fquare  of  the  fine  of  the  fame  angle  into  its  cofine. 

Hence  if  we  fuppofe  the  plane  to  be  at  reft  and  the  fluid  to  move 
againft  it,  the  effed  of  the  fluid  to  move  the  plane  in  a diredion  per- 
pendicular to  the  motion  of  the  fluid  will  vary  in  the  fame  ratio.  This, 
if  the  above  principle  were  true,  would  be  the  effed  of  the  wind  to 
put  the  fails  of  a mill  in  motion.  After  they  have  begun  their  motion, 
the  effed  will  depend  upon  the  relative  velocity  of  the  fails  and  wind ; 
the  angle  alfo  at  which  the  wind  ads  upon  the  fail  will  vary  with  the 
velocity  of  the  fail. 

39.  If  a plane  body  move  in  water  in  a direc- 
tion which  is  perpendicular  to  its  furface,  it  is  re- 
filled by  a force  equal  to  the  weight  of  a column 
of  the  fluid  whofe  bafe  is  equal  to  that  furface,  and 
height  equal  to  that  through  which  a body  mull 
fall  to  acquire  the  velocity  of  the  body. 

SeePARKiNSON’s  Hydroftatics,  p.  173.  and  Atwood  on  Redilinear 
and  Rotatory  Motion,  p.  124.  This  prop,  is  capable  of  a very  fatis- 
fadory  proof  by  experiment, 

40.  If 
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40.  If  a fphere  and  end  of  a cylinder  of  the  fame 
diameter  moving  in  the  direction  of  its  axis,  move 
in  a fluid  with  equal  velocities,  the  refiflance  of  the 
cylinder  will,  by  theory,  be  double  that  of  the  globe. 

In  the  demonftration  of  this  prop,  the  principle  in  prop.  37.  is  af- 
fumed  as  true.  The  prop,  therefore  is  not  true  if  the  globe  move  in  air. 


DEFINITION, 

If  a plane  body  revolve  in  a refilling  medium  about  an  axis  by  means 
of  a weight  hanging  from  it,  that  point  into  which  if  the  whole  plane 
were  collected  it  would  fuller  the  fame  refiftance,  I call  the  center  of 
refinance. 


41.  If  a be  the  area  of  the  plane,  and  a the 
fluxion  of  the  area  at  the  diflance  * from  the  axis, 
then  the  diflance  d of  the  center  of  refiflance  from 


the  axis  = y/ 


nuoc3 a 


a 


For  the  effedt  of  the  refiftance  of  a to  oppofe  the  weight  mull 
vary  as  the  refiftance  into  its  diftance  from  the  axis,  or  (becaufe  the 
refiftance  varies  as  the  fquare  of  the  velocity,  or  as  the  fquare  of  the 
diftance  fro<n  the  axis,)  as  x3a,  and  therefore  the  whole  refiftance  is 
as  the  fluent  of  x3a.  For  the  fame  reafon,  the  effect  of  the  refiftance 
of  a at  the  diftance  d is  as  dza-,  hence  dza  flu.*V,  therefore  d — 

3 /flu.  XZCL 

V 


a 


If  the  body  be  a parallelogram,  two  of  whofe  fides  are  parallel  to  the 
axis  and  at  the  diftances  m and  n,  m being  the  lcaft  diftance,  then  d~ 


Cji  7 7.. 


3 /«+  — 3 m1  X « + m 

\r  4 n — \m  \/ 


42.  If  a plane  body  revolve  about  an  axis  by 
a moving  force  adting  thereon,  firft  with  its  edge 
forward  and  then  with  its  plane  flde,  the  difference 
of  the  accelerative  forces  which  will  preferve  the 
motion  of  the  body  in  each  cafe  uniform  with  the 
fame  velocity,  diminifhed  in  the  ratio  of  the  dif- 
tance  of  the  center  of  refiftance  from  the  center  of 

the 
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the  axis  to  the  radius  of  the  axis,  gives  the  abfo- 
lute  refinance  of  a plane  equal  to  the  body  moving 
with  the  velocity  ■with  which  the  center  of  refin- 
ance moves. 

The  machine  conftruded  for  this  purpofe  is  an  horizontal  axis,  at 
one  end  of  which  there  are  four  arms,  like  the  fails  of  a mill,  and  at 
each  extremity  a plane  is  fixed.  Two  lines  are  wound  round  the  axis 
together,  and  one  leaves  the  axis  above  and  the  other  below  it,  and  go 
in  oppofite  directions  horizontally  and  pafs  over  pullies,  and  equal 
weights  are  hung-  on  at  each  end  to  give  motion  to  the  axis.  By  this 
means,  all  prefiure  upon  the  axis  from  the  weights  is  avoided,  fo  that 
whatever  change  it  may  be  neceflary  to  make  in  the  weights  to  give 
the  fame  velocity  to  the  planes  going  flat  and  edge  ways,  there  is 
not  more  prefiure  upon  the  axis,  and  confequently  not  more  fri&ion. 
The  difference  of  the  weights  therefore  can  only  arife  from  the  refift- 
ance  of  the  planes  moving  edge  and  flat  ways;  and  a weight  at  the  cen- 
ter of  refiftance  equivalent  to  that  difference,  muft,  from  the  common 
property  of  the  lever,  be  to  that  difference  as  the  radius  of  the  axis 
to  the  diftance  of  that  center  from  the  center  of  the  axis.  To 
render  the  refiftance  Hill  greater,  four  arms  might  be  put  upon  the 
other  end  of  the  axis.  In  my  machine  the  radius  of  the  axis  is  0,199 
in.  the  length  of  the  arms  30  in.  each  plane  is  a fquare  whofe  fide  is 
4 in.  one  fide  of  which  is  parallel. to  the  arm,  and  the  center  of  the 
fquares  is  32  in.  from  the  axis.  Hence  the  difiance  of  the  center  of 
refifiance  from  the  axis  rr  32,044  in.  The  radius  of  the  axis  was  deter- 
mined in  the  following  manner.  A fine  filk  thread  36  in.  long  was 
all  wound  round  the  axis  fo'that  the  whorls  all  touched  each  other,  and 
the  number  of  revolutions  and  parts  of  a revolution  were  obferved;  then 
dividing  36  in.  by  the  number  of  revolutions  and  parts  of  a revolu- 
tion, it  gave  the  circumference  of  the  axis,  from  which  the  radius  was 
determined.  By  this  method  the  radius  of  any  cylinder  may  be  found 
to  a very  great  degree  of  accuracy,  and  the  longer  the  firing  the  greater 
the  accuracy.  As  the  firing  by  winding  runs  along  the  axis,  it  does 
not  go  in  a plane  perpendicular  to  the  axis,  and  therefore  there  will  be 
a fmall  inaccuracy  from  that,  but  it  is  fo  fmall  that  there  can  fcarce  be 
a cafe  where  it  may  be  neceflary  to  confider  it.  If  there  fhould,  it 
may  be  corrected  thus.  From  the  fquare  of  the  length  of  the  firing 
fubtraft  the  fquare  of  the  fpace  it  takes  upon  the  axis,  and  the  fquare 
root  of  the  difference  is  the  quantity  to  be  divided  by  the  number  of 
revolutions  in  order  to  get  the  circumference.  The  mean  of  7 ex- 
periments gave  the  refiftance  — 0,0462  oz.  troy  to  64  fquare  inches 
ftriking  the  air  perpendicularly  with  a velocity  of  2 feet  in  a fccond 

43.  If  a plane  body  {trike  the  air  obliquely,  the 
effect  of  the  diredt  ftroke  is  not  to  that  of  the  ob- 
lique, as  radius  to  the  fine  of  the  angle  of  incidence. 
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This  was  difcovered  by  inclining  the  planes  at  different  angles,  and 
obferving  what  weights  would  give  them  the  fame  uniform  velo- 
city. The  angles  at  which  I firft  tried  the  experiment  gave  die  force 
of  the  ftroke  greater  in  proportion  than  the  fine  of  inclination.  I com- 
municated to  Dr.  Hutton  what  I had  done  upon  this  fubjeft,  know- 
ing that  he  had  made  experiments  on  refiffances  of  the  air  upon  a very 
extenfvve  fcale;  when  he  was  fo  obliging  as  to  inform  me,  that  having 
made  experiments  of  the  fame  kind  at  all  angles  of  obliquity  from  o° 
to  900,  (which  I had  not  then  done,)  he  found  that  in  one  part  of  the 
quadrant  the  force  was  greater  and  in  the  other  part  lefs,  than  in  pro- 
portion to  the  fine  of  inclination,  and  that  the  variation  followed  a 
very  extraordinary  law'.  He  finds  the  refiffance  of  a globe  i\  greater 
than  the  refiffance  of  a cylinder,  moving  in  the  direflion  of  its  axis 
with  the  fame  velocity.  It  is  hoped  that  he  will  foon  communicate  to 
the  public  his  valuable  experiments. 

44.  The  jefi fiance  of  the  air  to  plane  bodies 
varies,  caeteris  paribus,  as  the  fquare  of  the  velocity. 

For  it  requires  four  times  the  above  mentioned  difference  of  weights 
to  be  hung  from  the  axis  to  give  the  planes  twice  the  velocity. 


ON  THE  MOTION  OF  BODIES  IN  FLUIDS. 

* 

45.  If  a fphere  whofe  weight  is  w and  diameter 
d move  in  a refilling  medium  with  a velocity  which 
a body  would  acquire  in  falling  in  a vacuum 
through  the  fpace  h,  and  the  denfity  of  the  me- 
dium : the  denfity  of  the  body  ::  1 : b\  then  the 

* * 

3 wb  pd2h 

refillance  of  the  fphere  = = — g-}  where  p = 

3,14159  &c. 

See  Atwood’s  Treatife  on  Redlilinear  and  Rotatory  Motion,  p.  130; 
alfo  Parkinson’s  Hydroftatics,  p.  177. 

46.  The  gravity  of  the  fame  fphere  in  the  fluid, 
being  equal  to  its  own  weight  diminilhed  by  the 


weight  loll,  is  equal  to  w — p the  gravity  of  the 
body  itfelf  in  vacuo  being  w. 


47.  The 


hydrostatics.  6 7 

47.  The  force  with  which  the  fame  fphere  de- 
fcends  in  the  fluid,  being  equal  to  its  gravity  in 
the  fluid  diminifhed  by  the  refifcance,  will  be  w — 
w yivh 

b 4 db ' * 


48.  If  v = the  velocity  acquired  by  the  farm 
fphere  in  defeending  from  reft  through  the  fpac. 
x,  then  by  mechanics  prop.  72.  vv  = 2 mFx  — 


w 

w — — - 
0 


3 wh 
/\.db 


x 2 mx. 


If  e — 2,71828  the  number  whofe  hyp.  log.  is  i,  then  if  the  fluent 


be  taken  and  properly  corrected,  we  have  — V7  4 - X b — 1 X 


■3-V 


v/,  —e*blt;  fee  Parkinson’s  Hydroftatics,  p.  186.  and  Atw'OOD 
on  Rectilinear  and  Rotatory  Motion,  p.  140. 


4 bd 


~ V/ 


'lb  dm 


' X b- 


If  x be  increafed  fine  liinite,  c —0;  hence  *v  ~ v 3 
the  limit  of  the  velocity  which  the  body  can  acquire,  but  which  it  carr- 


never  attain.  Or  if  be  very  fmall  when  compared  with  e*c  i will 
be  very  nearly  — 0;  and  Jicnce  if  d be  very  fmall,  x may  be  fmall  and 
—ix 

e'  will “ 0 very  nearly.  Hence,  as  Mr.  Atwood  obferves,  very  fmall 
bodies  defeending  in  a fluid  very  foon  acquire,  as  to  fenfe,  their  greatefl 
velocity,  and  then  they  appear  to  defeend  uniformly.  He  computes 
that  if  .v  rr  16^,  the  velocity,  after  .the  fphere  has  defeended  16  dia- 
meters, will  be  within  lefs  than  3-5-0- ’part  of  the  greatefl:  velocity.  Hence 
when  a metal  is  diffolved  in  a menftruum,  the  particles  being  ex- 
tremely fmall,  will  delcend  with  fo  very  fmall  a velocity  that  they 
will  for  a long  time,  as  to  fenfe,  appear  quiefeent.  Mr. Mackbride 
fuppofes  that  fixed  air  is  the  cementing  principle  of  bodies  ; and  Mr. 
Atwood  fuppofes  that  when  a body  is  diffolved  in  a menftruum,  the 
fixed  air  efcaping  carries  lip  the  difunited  parts  of  the  body;  and  when 
the  medium  is  once  filled  with  the  particles,  they  will,  as  is  fhown  above, 
remain  fufpended  for  a very  long  time.  The  diflblution  of  the  body 
is  fuppofed  to  arife  from  hence,  that  the  particles  of  the  medium  at- 
tract the  particles  of  the  body  with  a greater  force  than  the  particles 
of  the  body  attract  each  other. 

I 2 49.  If 


68 


HYDROSTATICS. 


49.  Jf  t be  the  time  in  which  the  fphere  in  the 
laft  prop,  defcends  through  the  fpace  x,  tlien  t = 


v/ 


r¥d 


yn  x b- 


x hyp.  log. 


r EF 

\+y/l—e‘<ld 

r 

1—  s/i—  e*‘d 


See  At  woo  n on  Refill inear  and  Rotatory  Motion,  p.  150.  and 
Parkinson’s  Hydroftatics,  p.  189. 

This  is  upon  fuppofition  that  the  refiftance  varies  as  the  fquare  of 
the  velocity;  and  the  experiments  compared  with  the  theory  agree 
fufficiently  to  eilablifh  the  truth  of  the  hypothecs.  A fmall  difference 
mud  neceflarily  arife,  granting  the  fuppofition  to  be  true,  from  the  un- 
avoidable errors  in  conftrufling  the  experiments. 

In  our  experiments  </:=  2,0833  in.  £ = 1,01014,  x — 5 15,5  in.;  hence 
/— 12",  75  the  time  by  theory.  The  time  by  experiment  is  about  13". 

The  diameter  was  determined  by  the  rule  in  prop.  io.  by  loading 
the  fphere  till  it  was  of  the  fame  fpecific  gravity  as  water,  in  which  cafe 
its  weight  was  1198,814  grains;  hence  s~i,  and  its  diameter  ~ 

^ I 

1198,814^  X ,19612  =:  2,0833  inches. 


50.  As  a body  defcends  in  a fluid,  it  continually 
adds  more  weight  to  the  fluid  until  it  has  acquired 
its  greateft  velocity,  at  which  time  the  weight  ad- 
ded to  the  fluid  is  juft  the  fame  as  if  the  body  were 
laid  at  the  bottom  of  the  veflel. 

For  as  the' velocity  of  the  body  keeps  increafing,  the  a&ion  of  the 
body  upon  the  fluid  will  keep  increafing;  and  when  the  body  has  ac- 
quired its  greatefl  velocity,  the  refiflance  being  equal  to  the  weight  of 
the  body  in  the  fluid,  the  body  afts  againft  the  fluid  with  its  'relative 
weight  juft  as  it  would  aft  againft  the  bottom  of  the  veflel  if  it  were 
laid  upon  it. 


ON  ELASTIC  FLUIDS,  AND  THE  DENSITY  OF 
THE  AIR  AT  DIFFERENT  ALTITUDES. 

51.  If  the  particles  of  an  elaftic  fluid  repel  eacli 
other  with  forces  varying  inverfely  as  the;/”,  power 
of  their  diftance,  then  if  r reprefent  the  diftance  of 

the 
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the  particles,  d the  denfity  and  c the  compreftive 

»-f- a 

force,  c varies  as  d 3 . 

/ 

Cor.  It  appears  by  experiment,  that  in  the  common  atmofpheric  air 

the  compreffive  force  varies  as  the  denfity.  Hence  — — — i,  confe- 

quently  »ri,  and  therefore  the  particles  of  air  repel  each  other  with 
forces  which  vary  inverfely  as  their  diftance. 

As  the  compreffive  force  is  equal  to  the  elaftic  force  of  the  air,  aftion. 
and  rea&ion  being  equal  and  contrary,  the  elaftic  force  muft  vary  as 
the  denfity. 

52.  If  we  fuppofe  the  force  of  gravity  to  vary 
as  the  72th.  power  of  the  diftance  from  the  earth’s 
center,  r the  radius  of  the  earth,  any  diftance 
from  the  center,  and  v the  correfponding  denfity, 
that  at  the  earth’s  furface  being  unity,  and  d be 
the  height  of  an  homogeneous  atmofphere ; then  d 


x 


k-t  r 


x hyp.  log.  fu=  — ■ -== . 

r ^ n-\- 1 72-|-ixr” 

Cor.  1.  If  we  fuppofe  the  force  of  gravity  to  vary  inverfely  as  the 

, ri 

fquare  of  the  diftance,  then  n — — 2 ; hence  ci  X hyp.  log.  — r.. 


\ r 

X 

rl 
x 


Hence  if  a:  be  taken  in  muftcal  progreflion,  — , and  confequently  — — r, 

X x 

will  be  in  arithmetical  progreflion,  therefore  the  hyp.  log.  v will  be  in 
arithmetical  progreflion,  and  hence  v will  decreafe  in  geometrical 
progreflion. 

Cor.  2.  If  we  fuppofe  gravity  to  be  conftant,  then  n~o,  therefore 
d x hyp.  log.  <v  — r — x;  hence  if  x increafe  in  arithmetic  progreflion, 
r—x,  and  confequently  hyp.  log.  v,  will  decreafe  in  arithmetic  pro- 
greflion, and  therefore  <v  will  decreafe  in  geometrical  progreflion,  con- 
iequently  the  log.  of  the  denfity  decreafes  as  the  altitude  increafcs. 

From  experiments  on  the  denfity  of  the  air  at  the  bottom  and  top  of 
hills,  Mr.  Cotes  (Hydroftatics,  p.  103.)  colle&ed,  that  at  the  altitude 
of  7 miles  the  denfity  was  four  times  lefs  than  at  the  earth’s  furface,  or 

; hence  if  z — the  diftance  in  miles  above  the  earth’s  furface,  7 : log. 

I X I 

log.  <v  ==  - X log.  - , therefore  <v  = - ' . Or  to  exprefs  it  in  terms 

of 
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of  the  rarity  r,  we  have  7 : log.  4 ::  * : log.  r,  and  hence  rn  4]^ ; alfti 

x ~ 7 X — ^ — =3  1,1626  x log. miles.  This  rule  fuppofes  the  den- 
og- 4 

hty  to  be  as  the  compreflive  force,  which  is  not  true  unlefs  the  tem- 
perature remains  the  lame;  but  as  the  temperature  is  found  to  be  very 
different  at  the  lame  time  at  different  altitudes,  the  rule  will  require  a 
correction  according  to  the  altitudes  of  the  thermometers  at  the  two 
places.  Omitting  however  this  correction,  the  denfity  of  the  air  at  the 
altitude  of  45  miles  is  found  to  be  7420  times  lefs  than  at  the  earth’9 
lurface;  and  yet,  from  obfervations  on  the  twilight,  the  rays  of  light 
are  fenlibly  affeCted  by  the  air  at  that  altitude. 


ON  THE  BAROMETER. 

53.  If  a glafs  globe  be  exhaufted  of  air  and 
balanced  at  one  end  of  a beam,  upon  admitting 
the  air  the  globe  preponderates. 

This  experiment  clearly  proves  that  the  air  has  Weight;  and  from' 
the  weight  neceffary  to  balance  the  globe  after  the  admiffion,  the  weight 
of  the  air  will  be  known.  Mr.  Cotes  found  the  deniity  between  800 
and  900,  but  nearer  to  900,  times  lefs  than  water;  and  Mr. Ha  uksbee 
made  it  8S5  times  lefs,  when  the  barometer  Hood  at  29  j-  inches.  Hence, 
as  a cubic  inch  of  water  weighs  253,18  grains  troy,  a cubic  inch  of 
air  weighs  0,286  grains.  If  we  take  mercury  to  be  14  times  heavier 
than  water,  the  fpecific  gravity  of  air  : that  of  mercury  ::  1 : 8S5  r 
X 14=  12590. 

54.  If  a glafs  tube  more  than  3 1 inches  long, 
hemeticaliy  fealed  at  one  end,  be  filled  with  mer- 
cury and  then  inverted  and  its  end  immerfed  in  a 
bafon  of  the  fame  fluid,  it  will  Hand  at  an  alti- 
tude above  the  furface  of  the  mercury  in  the  ba- 
fon between  28  and  3 1 inches. 

As  the  mercury  defeends  from  the  top  of  fhc  tube  it  mull  leave  a 
vacuum,  and  it  remains  fufpended  by  the  preffure  of  the  air  upon  the 
furface  of  the  mercury  in  the  bafon,  for  if  the  air  be  taken  off  from  the 
furface  the  mercury  defeends.  This  preffure  of  the  air  was  difeovered 
by  Ci.uii.ko.  He  found  by  experiment  that  water  might  be  railed 
by  the  common  pump  to  a certain  height,  and  no  higher;  whereas-, 
had  nature  abhorred  a vacuum,  as  the  philoiophers  then  thought,  it 
might  have  been  railed  to  any  height.  He  conjeftured  therefore  that! 
it  was  owing  to  the  air’s  gratitation.  Afterwards  his  pupil  Torri- 
celli u s 
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CcLLius  confidered,  that  if  the  prefl'ure  of  the  air  would  fupport  a 
column  of  water  about  35  feet  high,  it  mud  fufpend  a column  of  mer- 
cury, whofe  denfity  is  about  14  times  greater,  about  one  fourteenth 
part  of  3 5 feet ; he  according  tried  the  experiment  in  the  proportion 
and  found  that  the  mercury  flood  at 'the  height  which  he  expelled. 
Thus  he  fully  proved  the  air’s  prefTure,  and  hence  this  is  called  the 
Torricellian  experiment,  and  the  vacuum  which  is  left  above  is  called 
the  Torricellian  vacuum.  A tube  thus  filled  and  graduated  from  2S  to 
3 1 inches  is  called  a Barometer. 

f-Ience  we  get  tiie  altitude  of  an  homogeneous  atmofpheiej  for  by 
the  lad  article  when  the  mercury  flood  at  an  altitude  of  29^  inches, 
the  denfity  of  the  air  was  to  that  of  mercury  ::  1 : 12390;  hence  the 
altitude  of  an  homogeneous  atmofphere  — 12390, X 29*  365  505  in. 

— 3,7-  miles.  If,  according  to  fome  experiments,  we  fuppofe  that 
when  the  mercury  in  the  barometer  Hands  at  30  inches  the  denfity  of 
the  air  is  850  times  iefs  than  that  of  water,  the  altitude  of  an  homo- 
geneous atmofphere  would  be  3,6  miles. 

55.  If  a barometer  be  placed  tinder  the  receiver 
of  an  air  pump,  and  the  air  be  exhaufted,  the  mer- 
cury will  defeend;  and  upon  admitting  the  air  it 
afeends  again  to  the  former  height. 

56.  If  a bottle  be  partly  filled  with  mercury, 
and  through  the  cork,  made  air  tight,  a glafs  tube 
open  at  both  ends  be  put  fo  that  the  lower  end  be 
immerfed  in  the  mercury,  then  if  the  whole  be 
put  under  the  receiver  of  an  air  pump,  and  the 
air  be  exhaufted,  the  mercury  will  rife  in  the  tube 
nearly  to  the  height  at  which  the  barometer  Hands 
at  that  time,  or  to  the  height  at  which  the  mer- 
cury rifes  in  the  gage. 

This  arifes  from  the  elaflicity  of  the  air  being  as  its  compreflive 
force;  a very  fmall  quantity  therefore  of  air  by  its  elaflicity  produces 
the  fame  effedl  as  the  weight  of  the  atmofphere.  The  mercury  does 
not  rife  exadlly  to  the  height,  firfl,  becaufe  you  cannot  exhaull  all  the 
air,  and  fecondly,  becaufe  as  the  mercury  rifes  in  die  tube,  the  air  in 
the  bottle  occupies  a greater  fpace,  and  therefore  its  denfity  and  elaflic 
force  is  diminifhed  and  become  Iefs  than  that  of  the  air  in  its  natural 
Hate.  * 


\ 
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57.  If  a barometer  having  its  lower  end  im- 
merfed  in  a bafon  of  mercury  be  fufpended  from 
the  beam  of  a balance,  it  is  found  to  weigh  as 
much  as  when  you  invert  it  with  the  fame  quan- 
tity of  mercury  in  it,  and  fufpend  it  by  the  other 
end. 

It  might  at  firft  he  thought,  that  in  the  firft  pofition  the  weight  re- 
quired to  balance  the  barometer  would  be  only  equal  to  the  weight  of 
the  glafs  tube,  the  mercury  within  being  fupported  by  the  preffure  of 
the  air  upon  the  mercury  without  the  tube ; but  as  there  is  a vacuum 
left  at  the  top,  there  is  nothing  to  counterbalance  the  prcflure  of  the 
air  againft  the  top  on  the  outfide ; the  tube  therefore  has  to  fupport  a 
column  of  air  having  the  fame  bafe  as  the  bafe  of  the  tube,  which  co- 
lumn of  air  is  equal  in  weight  to  the  mercury  within  the  tube. 

58.  If  a barometer  be  carried  to  an  altitude  of 
54  feet,  the  mercury  is  obferved  to  fink  about 

of  an  inch. 


59.  If  a be  the  altitude  of  mercuiy  in  a baro- 
meter at  the  bottom  of  a mountain,  and  b the  al- 
titude at  the  top,  then  the  altitude  of  the  moun- 


tain = 1,1626  x log.  ^ miles. 

For  at  the  top  of  the  mountain  the  denfity  of  the  air  mult  be  -,  that 

a 

at  the  bottom  being  unity,  or  we  may  call  the  rarity  which  fublti- 

O 


tute  for  r in  the  note  to  prop.  52.  and  the  altitude  = 1,1626  x log. 
The  difference  of  temperature  is  not  here  confidered. 


ft 

l' 


60.  When  the  mercury  Hands  in  the  barometer 
at  the  altitude  of  30  inches,  the  preffure  of  the 
air  upon  every  fquare  inch  is  about  18  [.  lb.  troy, 
or  a little  more  than  1 5 lb.  avoirdupoife. 

For  a cubic  inch  of  mercury  weighs  3 ^44  grains  troy,  therefore  30 
cubic  inches  weigh  about  18^  lb.  Hence  if  we  take  the  furface  of  a 
middle  fize  man  to  be  14I  fquare  feet,  when  the  air  is  lighted  the  pref- 
fure 


* 
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fare  on  him  is  13V  tons,  and  when  heavieft  i4T35  tons,  the  difference 
of  which  is  2464  lb.  This  difference  of  prdfare  maid  greatly  affedt 
us  in  regard  to  the  animal  fandtions,  and  confequently  in  refpedl  to 
our  health,  more  efpecially  when  the  change  takes  place  in  a fhort 
time.  The  preffure  of  .air  upon  the  whole  farface  of  the  earth  — 
1 2043468800000000000  lb. 


61.  If  the  tube  of  a barometer,  being  perfectly 
cylindrical,  be  partly  filled  with  mercury  before 
it  is  inverted,  after  inverfion  the  mercury  will  fink 
below  the  ftandard  altitude,  and  the  ftandard  al- 
titude will  be  to  the  depreffion  below  that  altitude 
as  the  fpace  occupied  by  the  air  after  inverfion  to 
the  fpace  occupied  before. 

It  is  here  fappofed  that  the  elaftic  force  is  as  the  denfity,  and  as  the 
elaftic  force  is  equal  to  the  compreffive  force,  they  balancing  each 
other,  the  compreffive  force  is  as  the  denfity.  If  therefore  the  truth 
of  this  prop,  appear  from  experiment,  it  follows  that  the  elaftic  and 
confequently  compreftive  force  bf  the  air  muft  be  as  its  denfity. 


ON  THE  AIR  PUMP. 

V ' 

62.  If  the  capacity  of  the  barrel  of  an  air  pump 
: the  capacity  of  the  receiver  ::  b : r,  after  every 
turn,  the  quantity  of  air  extradled  : the  quantity 
before  ::  b : b-\-r . 

Cor.  1 . Hence  the  quantities  taken  away  at  any  number  of  fucceftive 
turns  form  a geometric  feries,  confequently  the  whole  can  never  be 
exhaufted. 

Cor.  2.  Hence,  dividendo,  the  quantity  remaining  after  every  turn 
: the  quantity  before  ::  r : b 4-  r,  confequently  the  quantities  which 
remain  after  any  number  of  fucceftive  turns  will  form  a geometric  feries. 

63.  After  every  turn,  the  denfity  of  the  air  is  di- 
minifhed  in  the  ratio  of  b-\-r  : r 3 and  hence  after  t 

t 

turns,  it  is  diminifhed  in  the  ratio  of  ~b^r\  : r 

64.  The  defeats  of  the  mercury  in  the  gage  from 
the  Ifandard  altitude,  after  any  number  of  fuccef- 

k „ five- 
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five  turns,  form  a geometric  feries  vvhofe  terms 
are  in  the  ratio  of  b-\-r  : r. 

65.  The  altitudes  of  the  mercury  in  the  gage 
at  the  fame  time  form  a geometric  feries,  tire  ratio 
of  whofe  terms  is  b+r  : b. 

66.  When  the  air  is  rarified  n times,  the  num- 

log.  n 

ber  of  turns  = === — . 

log.  b-\-r — log.r 

67.  Air  is  neceflary  for  the  produdiion  of  found. 

68.  Air  is  neceflary  for  the  propagation  of  found. 

69.  A candle  will  not  burn  in  vacuo. 

70.  If  the  preffure  of  the  air  be  taken  off  from 
one  fide  of  a thin  glafs  phial,  the  preffure  of  the 
air  on  the  other  fide  will  break  it. 

The  experiments  with  the  air  pump,  Ihowing  the  very  extraordinary 
effefts  of  the  preffure  of  the  air,  are  fo  numerous,  that  it  would  take 
up  too  much  room  to  infert  them  all  here. 


ON  THE  CONDENSER. 

71.  After  every  defcent  of  the  pifton,  one  barrel 
of  air  in  its  natural  Hate  is  forced  into  the  receiver. 

72.  If  the  capacity  of  the  receiver  : the  capacity 
of  the  barrel  as  r : /;,  then  after  t defcents  of  the 
pifton,  the  denfity  is  increafed  in  the  ratio  of  b : 
b-\-rt. 

\ 

73.  After  any  number  of  fucceffive  defcents,  the 
denlity  is  increafed  in  arithmetic  progreffion. 

74.  If 
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74.  If  the  gage  tube  lie  horizontal,  the  fpaces 
which  the  air  occupies  after  any  number  of  fuc- 
ceflive  defcents  of  the  prifton  will  decreafe  in  mu- 
fical  progrelhon. 

75.  A bell  in  condenfed  air  founds  louder  than 
in  air  in  its  natural  ifate. 

The  effedt  of  condenfed  air  may  be  fliown  by  a variety  of  experi- 
ments. Fire  engines,  air  guns,  artificial  fountains,  &c.  ad  from  this 
caufe. 


ON  PUMPS  AND  SYPHONS. 

76.  Water  in  pumps  is  raifed  by  the  preffure  of 
the  air  upon  the  furface  without. 

A common  pump  is  formed  with  two  fuckers,  each  valve  of  which  opens 
upwards ; the  lower  fucker  is  fixed,  and  the  upper  moveable  by  the 
handle. 

The  lower  fucker  mull:  not  be  more  than  36  feet  above  the  furface 
of  the  water  in  the  well.  For  the  water  rifes  by  the  preffure  of  the 
air  upon  the  water  without,  in  confequence  of  a vacuum  within;  and 
in  the  moil  condenfed  date  of  the  atmofphere,  the  preffure  of  the  air 
is  not  greater  than  that  of  a column  of  water  36  feet  high,  having 
equal  bafes.  But  if  a ciftern  there  receive  the  water,  and  in  like  man- 
ner a pump  works  in  that,  water  may  be  raifed  to  any  height. 

A forcing  pump  has  two  fuckers,  the  upper  of  which  is  moveable  with- 
out a valve,  and  the  lower  is  fixed  with  a valve  opening  upwards. 

Some  forcing  pumps  ad  by  the  force  of  the  upper  fucker  upon  the 
water,  and  fome  by  condenfed  air  upon  it. 

77.  If  one  leg  of  a fyphon  be  put  into  a veffel 
of  water  and  the  air  be  drawn  out  of  the  other 
leg,  the  water  will  flow  out  of  the  leg  without,  pro- 
vided the  end  be  lower  than  the  furface  of  the  water 
in  the  veil'd . 

The  water  will  continue  to  run  till  the  furface  of  the  fluid  is  levef 
with  the  end  of  the  fyphon  without,  and  then  it  will  flop. 

The  water  is  made  to  flow  through  the  fyphon  by  the  preffure  of 
the  air  upon  the  furface  of  the  water  in  the  veffel,  the  air  being  drawn 
from  the  furface  of  the  water  in  the  fyphon.  When  the  legs  become 
equal,  the  preffure  of  the  air  againft  the  water  at  the  end  of  the  fyphon 
without  being  equal  to  the  preffure  of  the  air  on  the  furface  of  the 
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water  in  the  vefiel,  and  thefe  having  columns  of  water  of  the  fame  al- 
titude to  funport  muft  balance  each  other,,  and  confequently  the  fluid 
will  then  ceafe  to  flow;  whereas  it  flowed  before  from  the  fuperior 
preiTure  of  the  coluipn  without. 

78.  If  the  fyphon  be  capillary,  the  water  will 
not  flow  out,  till  the  end  without  be  further  below 
the  furface  of  the  fluid  in  the  veil'd  than  the  height 
to  which  the  fluid  would  rife  in  the  tube  by  ca- 
pillary attraction. 

ON  THE  THERMOMETER. 

79.  Fluids  expand  by  being  heated,  and  con- 
trad  again  as  they  grow  cold. 

Hence  a fluid  whofe  expannon  by  heat  is  very  fenfible  and  uniform, 
and  not  fubjedt  to  be  frozen,  is  proper  for  the  conftrudtion  of  a ther- 
mometer. 

80.  The  expanfion  of  mercury,  linfeed  oil  and 
fpirits  of  wine,  is,  as  to  fenfe,  proportional  to  the 
heat  applied. 

For  let  a thermometer  conftrudted  with  thefe  fluids  be  put  into  cold 
water,  and  then  into  water  heated  to  any  degree,  and  note  the  altitudes; 
put  equal  quantities  of  thefe  two  waters  together,  which  will  give  a 
mean  heat,  and  the  fluid  will  ftand  at  the  mean  altitude  between  the 
two  before  obferved.  This  is  found  to  be  true,  of  whatever  tempe- 
ratures the  two  parts  of  water  are.  Mercury  is  the  moll  proper  of  the 
three  fluids,  as  it  is  capable  of  enduring  the  greateft  degree  of  heat  or 
cold  without  boiling  on  congelation.  The  thermometer  ufually  con- 
Ps  of  a fmall  glafs  cylinder  with  a glafs  ball  at  the  bottom,  generally 
a globe,  but  it  is  better  to  make  it  flat,  becaufe  all  the  mercury  in  it 
will  then  be  the  fooneft  affedled  by  the  variation  of  the  air’s  temperature. 
The  points  where  the  fluid  Hands  in  the  Hem  at  freezing  and  in  boiling 
water  are  ufually  noted  by  obfervation,  and  then  the  whole  fcale  is  di- 
vided into  equal  parts  and  numbered.  In  Fahrenheit’s  thermo- 
meter, the  freezing  point  is  at  32,  and  boiling  water  at  2 12.  According 
to  this  divifion,  mercury  boils  at  600,  and  blood  heat  is  98. 

To  fill  a thermometer,  heat  the  bulb  and  you  will  expel  the  air, 
then  dip  the  other  end  into  the  fluid  and  it  will  immediately  rile  and 
fill  the  bulb  and  part  of  the  tube;  and  if  there  be  any  air  bubbles,  whirl 
it  round  about  the  upper  end  of  the  llemi  and  the  centrifugal  force  of 
the  fluid  being  greater  than  that  of  the  air,  the  fluid  will  recede  front 

the 
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the  center  and  drive  out  the  air.  Then  heat  the  bulb  and  force  the 
fluid  to  the  top  of  the  llem  and  hermetically  feal  it;  and  as  the  heat 
decreafes,  the  fluid  will  fall  and  leave  a vacuum  above. 

The  preflure  of  the  atmofphere  again!!  the  outflde  of  the  bulb,  not 
being  counteracted  by  any  air  within,  affeCts  its  magnitude,  diminilh- 
ing  it  as  the  preflure  is  increafed.  The  variation  however  which  this 
caufes  on  the  lcale  is  never  above  one  tenth  of  a degree. 

8 1 .  If  a piece  of  iron  be  heated  and  then  left 
to  be  cooled  by  a current  of  air  palling  over  it,  in 
equal  times,  quantities  of  heat  will  be  loll  in  pro- 
portion to  the  whole  quantity. 

When  the  decrements  of  quantities  vary  as  the  quantities  themfeves, 
thefe  quantities  mul!  Be  in  geometric  progreffion.  Hence  the  heats 
retained,  after  equal  intervals  of  time,  are  in  geometric  progreflion. 
Sir  I.  Newton  therefore  heated  a piece  of  iron  red  hot,  and  leaving 
it  to  cool,  he  laid  upon  it  different  metals  and  other  fuflble  bodies,  and 
noted  die  times  when  by  cooling  they  loft  their  fluidity  and  began  to 
coagulate ; and  laftly,  when  the  heat  of  the  iron  became  equal  to  the 
external  heat  of  the  human  body.  Thus  he  extended  the  fcale  to  all 
degrees  of  heat.  See  Cotes’s  and  Parkinson’s  Hydroftatics. 


ON  THE  HYGROMETER. 

82.  Wood  expands  by  moifture  and  contracts 
by  drynefs;  on  the  contrary,  chord,  catgut,  &c. 
contract  by  moifture  and  lengthen  by  drynefs. 

Hence  by  obferving  the  expanflon  and  contra&ion  of  thefe  fub- 
ftances,  they  will  ftiow  the  different  ftates  of  the  air  in  refpedl  to  moif- 
ture.  Various  mechanical  contrivances  have  been  invented,  to  render 
fenftble  the  fmalleft  variations  of  the  lengths  of  thefe  fubftances.  The 
twilled  beard  of  a wild  oat,  with  a fmall  index  fixed  to  it,  moveable 
againft  a fcale,  makes  a very  good  hygrometer;  for  the  twilling  being 
affected  by  the  variation  of  the  moifture  of  the  air,  it  caufes  the  index 
to  move. 

83.  That  fubftance  is  mod:  proper  for  an  hy- 
grometer, whofe  expanfion  or  contraction  varies 
mod:  nearly  in  proportion  to  the  quantity  of  moif- 
ture imbibed. 

Mr.  De  Luc  has  made  a great  many  experiments  in  order  to  find 
out  thofe  fubftances  whofe  expanfion  incrcafes  mod  nearly  in  propor- 
tion to  the  quantity  of  moifture  imbibed.  The  refult  was,  that  whale- 
bone 
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bone  and  box,  cut  a crofs  the  fibres,  increafed  very  nearly  in  propor- 
tion to  the  quantity  of  moifture,  and  more  nearly  fo  than  any  other 
fubftances  which  he  tried.  This  he  found  by  taking  a quantity  of 
fhavings  of  each  fubftance,  and  weighing  them  at  the  time  when  he 
meafured  the  increafe  of  the  length  of  a flip  of  each,  cut  as  above  de- 
feribed.  He  however  preferred  the  whalebone,  firft,  on  account  of  its 
fteadinefs,  in  always  coming  to  the  fame  point  at  extreme  moiflure ; 
fecondly,  on  account  of  its  greater  expanflon,  it  increafing  in  length 
above  one  eighth  of  itfelf  from  extreme  drynefs  to  extreme  moifture; 
laftly,  it  is  more  eafily  made  thin  and  narrow.  He  accordingly  has 
conftru&ed  an  hygrometer  with  whalebone,  as  the  moft  accurate  for 
the  meafure  of  the  moifture  of  the  air.  It  is  a little  extraordinary  that 
when  he  took  threads  of  fome  fubftances  in  the  direction  of  the  fibres, 
they  firft  increafed  as  the  quantity  of  moifture  increafed,  and  afterwards 
upon  a further  increafe  6f  moifture  they  decrealed  in  length.  See  the 
Phil.  Tranf  for  1791. 

ON  THE  PYROMETER. 

84.  All  metallic  bodies  are  expanded  by  heat. 

Various  inftruments  have  been  invented  to  render  fenftblc  very  fmall 
expanftons.  If  the  rod  to  be  expanded  afl  very  near  to  an  axis  of 
motion,  by  a proper  combination  of  wheels  to  multiply  velocity,  the 
leaft  expanfion  will  be  perceived  and  may  be  measured. 

85.  Rub  a piece  of  metal  with  a cloth,  and  the 
warmth  which  it  produces  in  the  metal  will  fen- 
fibly  increafe  its  length. 

86.  If  a lamp  be  put  under  a piece  of  metal, 
the  metal  will  gradually  increafe  in  length  as  it 
grows  hotter. 

In  this  manner  Mr.  Muschenbroek  made  experiments  to  deter- 
mine the  proportion  of  the  expanfion  of  different  metals,  by  applying 
a different  number  of  lamps,  and  found  the  refults  as  follows; 


Lamps. 

Iron. 

Steel. 

Copper. 

Brafs. 

Tin. 

Lead. 

1 

80 

«5 

89 

1 10 

*53 

*ss 

2 

117 

123 

220 

* 

274 

3 

142 

168 

193 

275 

# 

* 

4 

21 1 

270 

270 

361 

* 

* 

5 

230 

310 

3JO 

' 377 

* 

* 

Tin  melted  with  two  lamps  and  lead  with  three.  With  this  kind  of 
pyrometer  Mr.  Ferguson  found  the  expanfion  of  metals  to  be  in  the 
following  proportion;  iron  and  fteel  3,  copper  4.1,  brafs  5,  tin  6,  lead 
7.  An  iron  rod  3 feet  long  is  about  one  70th  of  an  inch  longer  in, 
fuinmer  than  in  winter. 

87.  if 
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87.  If  a metal  be  put  into  water  and  the  water 
be  heated,  the  metal  expands  as  the  water  increales 
in  heat. 

By  this  method  Mr.  Smeaton  determined  the  expanfion  of  different 
metals,  for  by  means  of  a mercurial  thermometer  immerfed  in  the 
water  he  could  always  afcertain  the  degree  of  heat.  He  found  that  in 
equal  intervals  of  time  the  expanfions  were  in  geometric  progreffion. 
By  this  he  was  enabled  to  get  the  meafure  of  the  bar  before  it  was  ap- 
plied to  the  inftrument.  This  will  be  bell  underllood  by  explaining 
an  experiment.  The  time  elapfed  between  applying  the  bar  to  the 
inftrument  and  taking  the  firft  meafure,  was  i a minute;  therefore 
the  intervals  between  taking  the  fucceeding  meafures  were  a minute 
alfo.  The  firft  meafure  was  208;  the  fecond  214,5;  dun!  216,5; 
the  fourth  217,5.  The  differences  of  thefe  are  6,  5;  2;  1.  Now  thefe 
three  numbers  are  nearly  equal  to  6,  3 ; 2,  25 ; o,  8,  which  from  a geo- 
metrical progreflion  whofe  common  ratio  is  2,  8.  As  therefore  we  may 
fuppofe  the  expanfion  from  the  inftant  the  bar  was  applied  to  the  time 
of  taking  the  firft  meafure  followed  the  fame  law,  we  can  find  the  ex- 
panfion in  the  firft  \ minute  (at  the  end  of  which  the  firft  meafure  was 
taken)  by  continuing  back  the  progreflion,  or  multiplying  6,3  by  2,8, 

which  gives  17,7  for  the  lengthening  the  firft  ~ minute;  hence  208 

17,7  ==  190,3  for  the  meafure  before  the  bar  was  applied.  The  fol- 
lowing expanfions  are  felefted  from  Mr.  Smeaton’s  table,  fhowing 
how  much  a foot  in  length  of  each  increafes  in  decimals  of  an  inch  by 
an  increafe  of  heat  correfponding  to  180  degrees  of  Fahrenheit's 
thermometer,  from  freezing  to  boiling  water.  See  Mr.  Smeaton 's 
account  in  the  Phil.  Tratif.  1754. 

White  glals  barometer  tube  ,01  Call  brafs 
Hard  fteel  - • *0147  Grain  tin 

Iron  - - - ,0151  Lead  - 

Copper  hammered  - ,0204  Zinc 

Metals  being  thus  fubjeft  to  expanfion  by  heat,  a pendulum  made 
with  a Angle  rod  of  metal  will  continually  be  fubjeft  to  a variation  in 
its  length  from  the  variation  of  the  temperature  of  the  air.  To  cor- 
rect this  Mr.  Harrison  invented  a pendulum,  called  a gridiron  pen- 
dulum, compofed  of  rods  of  iron  and  rods  of  brafs,  fo  connected  to- 
gether, that  the  brafs  expands  upwards  when  the  iron  expands  down- 
wards ; by  this  means  the  diftancS  from  the  point  of  fufpenfion  to  the 
center  of  ofcillation  is  fubjeft  but  to  a very  fmall  variation.  Mr. 
Graham  invented  the  following  method  of  preferving  the  length  of 
the  pendulum  the  fame  in  different  temperatures.  He  took  a glafs,  or 
metallick  tube,  and  put  in  fome  mercury ; now  the  heat,  by  expanding 
the  glafs  or  metal  downwards,  expanded  the  mercury  upwards ; by  the 
adjuftment  therefore  of  a proper  quantity  of  mercury,  he  could  make 
thefe  effefts  in  altering  the  length  of  the  pendulum  nearly  deftroy  each 
other.  He  found  the  errors  of  a clock  of  this  fort  to  be  but  about 
I of  the  errors  of  the  beft  clock  of  a common  fort. 
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r.  TTTHATEVER  grants  a palfage  to  light  is  called  a medium. 

V V 2.  By  rays  of  light  is  underltood  its  kaft  parts,  either  fuc- 
ceflive  in  the  fame  lines,  or  cotemporary  in  feveral  lines. 

It  is  clear  that  light  conftfts  of  parts  both  fucCeflive  and  cotempo- 
rary, becaufe  in  the  fame  place  you  may  flop  that  which  comes  one 
moment,  and  let  pafs  that  which  comes  immediately  after.  The  leaf! 
fenfible  part  which  may  bs  flopped,  or  fuffered  to  proceed,  is  called  a 
ray  of  light. 

3.  R ef Tangibility  is  that  difpofition  of  a ray  of  light  to  be  refracted, 
or  turned  out  of  its  courfe,  when  it  pafles  out  of  one  medium  into 
another. 

When  a ray  of  light  paffes  out  of  a rarer  medium  into  a denfer. 
Sir  I.  Newton  fuppofes  that  it  is  refracted  by  the  fuperior  attraction 
of  the  denfer  medium,  and  by  that  means  drawn  out  of  its  courfe. 

4.  Reflexibility  is  that  difpofition  of  a ray  of  light  to  be  reflected,  or 
turned  back  into  the  fame  medium  from  any  other  medium  upon  whofe 
furface  it  may  fall. 

Sir  I.  Newton  fuppofes  that  light  is  not  reflected  by  impinging 
upon  the  folid  parts  of  the  body,  but  by  fome  power  of  the  body  which 
is  evenly  diffufed  all  over  its  furface,  and  by  which  it  afts  upon  the 
ray  and  impels  it  back  without  immediate  contact. 

5.  Inflection  is  that  difpofition  of  a ray  of  light  to  be  turned  out  of 
its  courfe  when  it  pafles  very  near  to  the  edges  of  bodies. 

6.  The  angle  of  incidence  is  the  angle  which  the  line  defcribed  by 
the  incident  ray  makes  with  the  perpendicular  to.  the  reflecting  or  re- 
fracting furface  at  the  point  of  incidence. 

7.  The  angle  of  reflection  or  refraCtion  is  the  angle  which  the  line 
defcribed  by  the  reflected  or  refraCted  ray  jnakes  with  the  perpendi- 
cular to  the  reflecting  or  refraCting  furface  at  the  point  of  incidence. 

8.  Any  parcel  of  rays  diverging  from  a point,  confidered  as  feparate 
from  the  relt,  is  called  a pencil  of  rays. 

9.  A lens  is  a medium  bounded  by  two  ipherical,  or  one  plain  and 
one  fpherical  furface;  and  the  line  joining  the  centers,  or  which  pafles 
perpendicularly  through  each  furface,  is  called  the  axis. 

There  are  6 lenfes,  a double  convex,  a double  concave,  a plano-con- 
vex, a plano-concave,  a concavo-convex  and  a menifeus. 

10.  The  focus  of  rays  is  that  point  from  which  they  diverge,  or  to 
which  they  converge. 

1 1.  The  focus  of  parallel  rays  is  called  the  principal  focus. 
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ON  THE  GENERAL  PROPERTIES  OF  LIGHT. 

1.  If  the  fan’s  rays  be  admitted  into  a dark 
room  perpendicularly  through  a circular  aperture, 
they  form  a cone  of  bright  light,  decreafmg  till  it 
comes  to  the  vertex,  where  the  rays  crofs,  and  it 
then  increafes ; about  this  there  is  a kind  of  pe- 
numbra, or  fainter  light,  which  is  terminated  by 
lines  drawn  from  the  fun  to  the  oppofite  Tides  of 
the  aperture. 

Hence  the  image  of  the  fun  received  within  the  room  is  a bright 
central  light  furrounded  with  a fainter  light;  and  if  r—  the  radius  of 
the  aperture,  rrrthe  tangent  of  i6'.z  '.  the  mean  apparent  femidiameter 
of  the  fun ; then  the  radius  of  the  whole  image  at  the  diftance  .*•  from 
the  aperture  re.  r -f-  t x;  alfo  the  radius  of  the  bright  central  part  — r 
— txf  or  tx  — r according  as  you  take  it  before  or  after  the  interfeftion. 
Hence  when  the  radius  of  the  aperture  becomes  evanefeent  the  pe* 
numbra  vanilhes. 

2.  The  image  of  an  aperture  of  any  figure  will 
approach  towards  a circle  as  you  receive  it  further 
from  the  aperture. 

For  the  diameter  ar-f  itx  of  the  image  approaches  tp  2 tx  as  its 
limit,  by  increafing  x;  therefore  however  irregular  the  figure  of  th« 
aperture  may  be,  all  the  diameters  of  the  image  will  approach  to  a 
ratio  of  equality,  and  confequently  the  image  will  approach  to  a circle 
as  its  limit. 

3.  Lights  which  differ  in  colour  have  different 
degrees  of  refrangibiiity. 

4.  The  fun’s  light  confifts  of  rays  of  different 
colours  and  differently  refrangibile. 

If  the  fun’s  rays  be  admitted  into  a dark  room  through  a fmall  hole: 
In  a window  fhutter,  and  be  refracted  through  a prifm,  the  image  is  not 
round,  but  a long  figure  -with  parallel  fides  and  femicircular  ends,  the 
length  of  which  is  about  five  times  its  breadth;  that  end  which  has 
fuffered  the  leall  refrattion  is  red,  and  that  which  has  differed  the 
greateft  is  violet.  The  whole  image  confilts  of  feven  diflinft  colours, 
lying  in  the  following  order,  red,  orange,  yellow,  green,  blue,  indigo, 

h victim; 
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violet;  the  red  is  the  leaft  refrangible,  and  the  other  more  in  their 
order,  Thefe  are  called  primary  colours,  all  other  colours  being  only 
different  combinations  of  thefe.  Each  colour  forms  a diftind  image 
of  the  fun,  which  images,  in  this  experiment,  running  into  each  other, 
make  a gradual  change  of  colour  in  the  image.  But  ir  a convex  lens 
be  placed  before  the  prifm,  each  image  will  be  diminilhed,  and  by  that 
means  they  will  be  feparated  and  each  rendered  dil'tind. 

If  two  coloured  images  be  formed  with  two  prifms,  and  thrown  one 
upon  the  other,  then  if  that  image  be  looked  at  through  a prifm,  the 
images  will  be  again  feparated. 

5.  The  primary  colours  cannot  be  feparated 
into  other  colours  by  any  refraction . 

For  if  in  the  laft  experiment  all  the  colours  but  one  be  flopped,  for 
inftance,  the  red,  and  that  be  again  refraded  by  a prifm,  it  luffers  no 
alteration  in  colour.  By  fuffering  the  colours  to  pafs  in  fucceflion, 
from  the  red,  each  preferves  its  colour,  but  the  quantity  of  refradion 
keeps  ihcreafing.  The  image  of  each  colour  is  perfedly  circular, 
which  Ihows  that  the  light  of  each  colour  is  refraded  regularly  with- 
out any  dilatation  of  the  rays;  it  is  therefore  incompounded,  or  homo- 
geneal. 

6.  If  the  breadth  of  each  colour  in  the  fpec- 
trcm  formed  by  the  prifm  be  meafured,  it  will  ap- 
pear that  the  breadth  of  the  red,  orange,  yellow, 
green,  blue,  indigo,  violet,  are  as  the  numbers  45, 
27,  48,  60,  60,  40,  80,  reflectively. 

If  the  circumference  of  a circle  be  divided  into  450,  27°,  48°,  60% 
60 40",  fioc,  and  the  refpedive  fedors  be  painted  red,  orange,  yel- 
low, green,  blue,  indigo,  violet,  and  the  circle  be  turned  fwiftly,  it 
wiil  appear  nearly  white.  For  the  ideas  we  have  from  the  impreflion 
of  light  remain  for  a fhort  time,  and  thus  the  colours  excite  the  fame 
ferifation  as  if  they  all  entered  the  eye  colleded  together. 

7.  If  the  direct  image  of  the  fun  through  a 
fmall  hole  be  received  upon  a ikreen  perpendicular 
to  the  rays,  and  the  rays  be  then  intercepted  by  a 
prifm  and  fall  perpendicularly  on  the  fir  ft  fide,  if  the 
di  hance  from  the  niace  of  the  direct  image  to  the 
jieareft  edge  of  the  red  and  fartheft  of  the  violet 
be  meafured,  they  will  be  the  tangents  of  the  angles 

of 


of  deviation,  the  radius  of  which  is  the  distance 
from  the  point  where,  the  rays  emerge  to  the  place 
of  the  direct  image. 

The  angle  of  incidence  on  the  fecond  fids  of  the  prifm  rr  the  re- 
fradting  angle  of  the  prifm,  to  which  add  the  deviations  of  the  twc* 
extreme  colours,  and  we  get  the  two  angles  of  refradlion,  the  fines  of 
which  will  be  to  the  fine  of  incidence  as  77  and  78  to  50.  Hence  if 
the  difference  between  77  and  78  be  divided  in  the  ratio  of  the  breadth 
of  each  colour,  it  gives  77,  77-g,  77^,  77-j,  77*,  7?f,  77-J,  78  for  the 
fines  of  refradlion,  the  common  fine  of  incidence  being  50;  that  is,  the 
fine  of  incidence  : the  fine  of  refradlion  of  the  red  rays  ::  50  : not  lei's 
than  77  nor  greater  than  77  the  boundary  of  the  red}  and  the  fains 
for  the  reft. 

8.  Candle  light  is  of  the  fame  nature  as  the  light 
from  the  fun. 

For  rays  from  a candle  may  be  feparated  into  all  the  different  co- 
lours, and  they  lie  in  the  fame  order  as  in  the  light  from  the  fun. 

9.  The  fun’s  light  confifts  of  rays  which  differ 
in  reflexibility,  and  thofe  rays  which  are  moft  re- 
frangible are  moft  inflexible. 

For  after  forming  a coloured  image,  as  before,  with  a prifm,  by  turn- 
ing the  prifm  about  its  axis,  until  the  rays  within  it,  which  in  gciing 
out  into  the  air  were  refradled  at  its  bafe,  become  fo  oblique  to  the 
bafe  as  to  begin  to  be  totally  refledled  thereby,  thofe  rays  become  fir/l 
refledled,  which  before  at  equal  incidences  with  the  reft  had  fuffered 
„ the  greateft  refradlion. 

10.  According  to  Sir  I.  Newton,  the  colours 
of  natural  bodies  arile  from  hence,  that  fome  re- 
flect one  fort  of  rays  and  others  another  fort  more 
copioufly  than  the  reft. 

For  every  body  looks  moft  fplcndid  in  the  light  of  it's  own  colour, 
and  therefore  it  refledts  that  the  moft  copioufly.  Befides,  by  refledtion 
you  cannot  change  the  colour  of  any  fort  of  rays;  and  as  bodies  are 
feen  by  refledlion,  they  muft  appear  of  the  colour  of  thofe  rays  which 
they  refledl.  This  ii  the  opinion  of  Sir  I.  Newton.  But  Mr. 
Del  aval  accounts  for  the  colours  of  natural  bodies  in  a manner  dif- 
ferent from  this.  See  the  Manchejlcr  Memoirs,  Vol.  II. 
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i r.  Thin  tranfparent  fubflances,  as  glafs,  water, 
air,  &c.  exhibit  various  colours  according  to  their 
thicknefs. 

For  a very  thin  glafs  bubble,  or  a bubble  of  water,  will  appear  to 
have  concentric  colours;  the  bubble  blown  with  water,  firlt  made 
tenacious  by  diflolving  a little  foap  in  it,  continually  grows  thin- 
ner at  the  top  by  the  fubfiding  of  the  water,  the  rings  of  colours 
dilating  (lowly,  and  overfpreading  the  whole  bubble.  A convex  and 
concave  lens  of  nearly  the  lame  curvature  being  piefted  clofely  together, 
exhibit  rings  of  colours  about  die  point  where  they  touch.  Between 
the  colours  there  are  dark  rings,  and  when  the  glaffes  are  very  much 
comprefled,  the  central  fpot  is  dark.*  Sir  I.  Newton,  to  whom  we 
owe  all  thefe  aifcoveries,  found  the  thicknefs  of  the  air  between  the 
glalfes  where  the  colours  appeared  to  be  as  r,  3,  5,  7,  9,  &c.  and  the 
thicknefs  where  the  dark  rings  appeared  to  be  as  o,  2,  4,  6,  8,  Sec. 
The  coloured  rings  muft  have  appeared  from  the  reflection  of  the  light, 
aud  the  dadc  rings  from  the  tranfmiffion  of  the  light.  The  rays  there- 
fore were*tranfmitted  when  the  thicknefs  of  the  air  was  o,  2,  4,  6,  8, 
Sec.  and  reflected  at  the  thicknefles  1,  3,  5,  7,  9,  Sec.  Sir  I.  Newton 
therefore  fuppofes,  that  every  ray  of  light  in  its  paffage  through  any 
refraCting  furface  is  put  into  a certain  coflftitution  or  llate,  which  in 
the  progrefs  of  the  ray  returns  at  equal  intervals,  and  difpofes  the  ray 
at  every  return  to  be  eafily  tranfmitted  through  the  next  refracting  (ur- 
face,  and  between  the  returns  to  be  eafily  reflected  by  it.  Thefe  he 
calls  fits  of  eafy  tranfmiffion  and  reflection. 

12.  If  a beam  of  the  fun’s  light  be  let  into  a 
dark  room,  the  fhadow  of  an  opaque  body  is  larger 
than  it  ought  to  be,  upon  fuppoiition  that  the  rays 
of  light  proceded  by  it  in  ftraight  lines. 

13.  If  the  edges  of  two  knives  be  placed  parallel 
to  each  other  at  the  diftance  of  about  the  400th 
part  of  an  inch,  and  a ray  of  light  fall  upon  them 
and  fome  part  pafs  between  their  edges,  the  ftream 
of  light  will  part  in  the  middle  at  the  knives  and 
leave  a fhadow  between  the  two  parts. 

Hence  it  appears,  that  bodies  aCl  upon  light  at  a diftance;  and  in  the 
cafe  of  the  laft  propofition  it  appears,  that  the  body  aCted  upon  the 
light  at  the  diftance  of  the  Sooth  part  of  an  inch.  In  'he  former  cafe 
the  light  was  bent  from  the  body,  and  in  the  latter  towards  it.  This 
is  called  the  inflexion  of  a ray  of  light. 

14.  When 
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14.  When  a ray  of  light  moves  in  a medium 
denfer  than  its  ambient  medium,  and  comes  to  its 
furface  and  is  reflected,  the  reflection  will  be 
ftronger  the  rarer  the  ambient  medium  is ; and  the 
total  reflection  will  take  place  at  a greater  angle 
of  incidence  the  lefs  the  difference  of  the  dehfities 
of  the  medium  is. 

For  if  the  two  mediums  had  the  fame  denfity,  it  would  be  the  fame 
as  the  continuation  of  the  fame  medium,  in  which  cafe  no  reflexion 
would  take  place;  the  reflection  therefore  will  be  the  flronger  by  how- 
much  rarer  the  ambient  medium  is.  Alfo,  by  prop.  31.  the  total  re- 
flection takes  place  after  the  fine  of  refraCtion  becomes  radius;  now  the 
fine  of  incidence  : the  fine  of  refraCtion,  nearer  to  a ratio  of  equality 
the  denfer  the  ambient  medium  is,  and  therefore  the  fine  of  incidence 
mull  approach  nearer  to  radius,  as  the  limit,  when  the  total  reflection 
takes  place,  and  confequently  the  angle  of  incidence  becomes  greater, 
the  denfer  the  ambient  medium  is,  or  the  lefs  the  difference  of  the  den- 
fities  is.  The  refraCtive  power  is  here  fuppofed  to  vary  as  the  denfltv. 

Light  therefore  is  not  reflected  by  firiking  upon  the  folia  parts  of 
the  furface  of  that  body  upon  which  it  is  incident,  for  if  it  were  the 
denfer  ambient  medium  would  caufe  the  ftrongeit  reflection.  It  i> 
therefore  reflected  by  fome  power  diffufed  over  the  furface. 

15.  The  forces  of  bodies  to  reflect  and  refract 
light  are  nearly  as  their  denfities,  except  that  unc- 
tuous and  fulphureous  bodies  refract  more  titan 
others  of  the  fame  denfity. 

For  oil  olive,  fpirit  of  turpentine  and  amber,  which  are  fulphureous 
unCtuous  fubftances,  have  their  refraCtive  powers  nearly  as  their  den- 
iities;  but  their  refraCtive  powers  are  two  or  three  times  greater  in  re- 
lpeCt  to  their  denfities  than  the  refraCtive  powers  of  bodies  which  lue 

not  fulphureous  or  unCtuous. 


ON  THE  FOCI  OF,  AND  IMAGES  BY,  REFLECTED 

RAYS. 

16.  The  angle  of  incidence  is  equal  to  the  angle 
of  reflection,  and  the  plane  palling  through  the 
incident  and  reflefted  rays  is  perpendicular  to  the 
furface. 


17.  Parallel 
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17.  Parallel  rays  are  reflected  parallel. 

In  fadt  no  pencil  of  rays  can  be  accurately  parallel ; yet  if  the  body 
from  which  the  rays  diverge  be  not  nearer  than  a mile,  all  the  rays  in 
any  pencil  which  we  have  Over  any  occafion  to  confider  are,  as  ta 
fenfe,  parallel. 

18.  Diverging  rays  reflected  at  a plane  furface, 
after  reflection  will  diverge  from  a point  at  the 
fame  diftance  on  the  other  fide,  and  in  the  fame 
perpendicular. 

1 9.  If  parallel  rays  fall  very  nearly  perpendi- 
cularly on  the  concave  fide  of  a fpherical  reflector, 
after  reflection  they  will  all  converge,  very  nearly, 
to  the  middle  of  that  radius  to  which  they  are  pa- 
rallel: if  they  fall  on  the  convex  fide,  they  will 
diverge  from  that  point. 

Hence  the  middle  of  the  radius  is  the  principal  focus;  it  is  alfo 
called  the  geometrical  focus. 

In  optics,  fo  far  as  regards  practical  purpoies,  we  have  occafion  only 
to  inveftigate  the  focus  of  rays  falling  very  nearly  perpendicularly  upon 
the  reflecting  or  refradting  furfaces;  for  in  practice  the  breadth  of  that 
furface  is  very  fmall  in  refpedt  to  the  radius,  and  the  rays  fall  nearly 
perpendicularly ; the  rules  therefore  here  given,  are  fufliciently  accu- 
rate for  the  practical  optician. 

20.  If  the  focus  of  diverging  or  converging  rays, 
falling  very  nearly  perpendieularly  upon  a fpheri- 
cal  furface,  and  the  center  be  joined,  the  diftance 
of  the  principal  focus  from  the  focus  of  incident 
rays  : the  diftance  of  the  principal  focus  from  the 
center  or  furface  ::  that  diftance  : the  diftance  of 
the  principal  focus  from  the  focus  of  reflected  rays 
upon  the  fame  line. 

Cor.  x.  Hence  the  diftances  of  the  foci  of  incident  and  refledled 
rays  from  the  center  are  in  the  fame  ratio  as  their  diflances  from  the 
furface. 

Cor.  2.  Hence  alfo  if  d~  the  diftance  of  the  focus  of  incident  ravsf 
from  the  furface,  r — the  radius  of  the  furface,  the  diftance  of  the  focus 

of  reflected  rays  from  the  furface  ;=  . 

21.  The 


. \ 
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2 1 . The  focus  of  reflected  rays  in  the  laft  prop . 
lies  the  fame  way  from  the  principal  focus  as  the 
focus  of  incident  rays,  but  on  different  fides  of 
either  the  center  or  furface. 

The  two  foci  always  move  in  oppoflte  directions,  and  coincide  at 
the  center  and  furface. 

22.  If  the  focus  of  incident  rays  move,  its  ve- 
locity : the  velocity  of  the  reflected  rays  ::  the 
fquare  of  the  diftance  of  the  principal  focus  from 
the  focus  of  incident  rays  : the  fquare  of  half  the 
radius. 

23.  If  parallel  rays  be  reflected  at  a fpherical 
furface,  the  fine  of  half  whofe  arc  = 5,  and  radius 
= r y then  when  s is  fmall  in  refpedt  to  r,  the  lon- 
gitudinal aberration  from  the  geometrical  focus  =? 

s2  . si 

— nearly:  and  the  lateral  aberration  = — . 

4 r J 2 r 

When  the  rays  in  a pencil  diverge  from  a point,  and  either  by  re- 
flection or  refraction  are  brought  all  together  again,  they  then  form  a 
luminqus  point  correfponding  to  that  from  which  they  diverged.  By 
this  means  a new  vifible  objeCt  is  formed,  called  the  image  of  the  other; 
for  the  eye  now  receives  the  rays  as  coming  from  this  latter  point,  and 
therefore  it  judges  the  former  point  to  be  in  the  place  of  the  latter. 
And  as  this  is  true  for  every  point  of  any  object,  every  objeCt  may 
thus  actually  be  formed  anew,  fo  far  as  regards  our  vifible  ideas.  And 
the  rays  diverging  to  the  eye  from  the  image  thus  formed,  after  the 
fame  manner  as  if  they  came  direCtly  from  the  objeCt,  excite  an  idea 
of  that  image,  or  of, an  objeCt  equal  and  fimilar  to  it.  Now  if  the 
pencils  of  rays  which  diverge  from  all  the  points  of  an  objeCt  be  again 
refpeCtively  collected  at  the  fame  diltances,  they  then  form  a new  vi- 
fible objeCt  equal  to  that  from  whence  they  flowed;  but  if  the  points 
of  this  new  objeCt,  called  the  image,  correfponding  to  thofe  of  the 
original  objeCt,  be  at  a greater  or  lefs  diftance,  they  then  form  a new 
vifible  objeCt  greater  or  lefs  than  the  original  one.  Thus  therefore 
we  are  able  to  form  a new  vifible  objeCt,  very  near  to  us,  exactly  fimilar 
to  an  objeCt  at  a great  diftance.  I call  this  a vifible  objeCt,  becaufe  at 
the  place  where  it  is  formed  there  arc  no  correfponding  tangible  ideas, 
as  in  the  objeCt  from  whence  the  rays  firft  flowed;  but  in  refpeCt  to 
our  vifible  ideas,  which  we  are  here  only  conftdering,  it  is  as  much  an 

object 
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objedt  as  the  other.  The  eve  therefore  may  be  fo  fituated  in  refpedl 
to  this  new  object,  that  it  may  appear  much  greater  than  the  original 
object,  every  object  appearing  greater  the  nearer  it  is  to  the  eye.  Now 
in  refpedl  to  the  brightnefs  of  this  new  vifible  object,  we  may  connder, 
that  when  the  eye  looks  diredtly  at  any  objedt,  it  receives  no  more  rays 
from  any  one  point  than  what  can  enter  the  pupil;  but  when  an  image 
is  formed  by  a lens,  for  in  fiance,  all  the  rays  from  any  one  point  of 
the  objedt  which  fall  upon  the  lens  are  collected  together  and  form  a 
point  of  the  image.  Now  if  the  diameter  of  the  pupil  of  the  eye  — 
o,  i in.  and  the  diameter  of  the  lens  rr  5 inches,  their  areas  will  be  as 
c,oi  : 2 5,  or  as  1 : 2500;  there  are  therefore,  .ceteris  paribus,  2500 
times  as  many  rays  colledted  together  to  form  every  point  of  the 
image  by  the  lens  as  enter  the  eye  and  form  the  image,  fuppofing  all 
the  rays  to  be  refradted.  Now  although  the  rays  diverge  from  every 
point  of  this  image  formed  by  the  lens,  and  therefore  where  the  eye 
is  fituated  it  may  not  receive  them  all,  yet  it  being  fituated  near  to 
it,  it  will  receive  a very  confiderable  part,  and  the  more  the  nearer  it 
is.  Hence  the  number  of  rays  which  the  eye  receives  from  any  point 
of  this  image  may  be  greater  than  tliat  which  it  receives  diredtly  from 
the  objedt,  and  thus  the  image  may  be  brighter  than  the  objedt.  Thcfe 
are  the  reafons  why  any  diilant  objedt  may  be  made  to  appear  larger 
and  brighter.  And  the  common  expreflion,  that  the  object  is  brought 
nearer,  is  not  incorredt;  for  the  vifible  objedt  is  adtually  nearer;  but  it 
not  being  accompanied  with  any  tangible  ideas,  we  call  it  an  image 
of  the  other;  whereas  jt  is  a vifible  objedt  formed  by  the  fame  rays 
as  the  original  vifible  objedt  was.  Looking  therefore  at  the  vifible  objedt 
thus  formed,  we  get  an  idea  of  the  original  vifible  objedt  feen  under 
the  fame  angle,  and  from  thence,  by  affociation,  we  conclude  wliat  are 
the  correfponding  tangible  ideas. 

24.  If  any  objedt  be  placed  before  a plane  re-, 
fledting  furface,  the  image  will  be  equal  to  it,  and 
fituated  at  the  fame  di fiance  on  the  other  fide. 

Cor.  Hence  if  a man  look  at  his  own  image  in  a plane  refledtor,  it 
appears  at  the  fame  diftance  on  the  other  fide,  and  is  equal  in  magni- 
tude to  himfelf.  Alfo  if  he  view  the  whole  of  his  image  in  a plane 
refledtor,  he  appears  to  fill  3 fpace  in  the  refledtor  equal  to  half  his 
length  and  half  his  breadth,  or  one  fourth  of  his  area  confidered  as  a 
plane  figure. 

The  belt  refledting  furfaces  which  we  have  are  fuppofed  to  refledt 
not  above  one  half  the  light  which  falls  upon  them;  the  reft  enters  and 
is  loft. 

25.  If  two  plane  fpeculums  be  placed  parallel 
to  each  other,  and  any  object  be  put  between  them, 
a number  of  images  will  appear  in  each  fpeculum 

fituated 
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fituated  one  behind  another  in  a perpendicular  to 
the  fpeculums  palling  through  the  object. 

If  d be  the  diftance  of  the  fpeculums,  and  * the  diftance  of  the  objett 
from  one  of  them;  then  the  diftances  of  the  images  feen  in  that  fpe- 
culum  from  that  fpeculum  will  be  x,  id — jr,  id+x,  4 d—x,  4 d+x,  Sec. 
and  in  the  other  fpeculum  the  diftances  of  its  images  from  it  will  be 
d—x,  d+x,  3 d — x,  3 d+x,  &c.  The  further  the  images  are  from  the 
fpeculum  the  fainter  they  are. 

26.  If  the  fpeculums  be  inclined  to  each  other, 
a fet  of  images  will  appear  in  the  circumference  of 
a circle  whofe  radius  is  the  diftance  of  the  object 
from  the  concourfe  of  the  planes. 


LEMMA. 

If  a be  an  arc  of  a circle  of  i°  to  the  radius  1,  and  m be  to  n as  any 

other  arc  is  to  its  radius;  then  - : — i°  ; — the  angle  fubtended 

in  n 0 

by  m, 

27.  If  an  object  be  fpherical  and  concentric 
with  a fpherical  refleflor,  the  image  will  be  fphe- 
rical and  concentric  alfo  with  it. 


Cor.  1.  If  the  object  be  a line,  the  magnitudes  of  the  objeft  and 
image  are  as  their  diftances  from  the  center  or  furface,  that  is,  as  d : 

— ^ — . If  the  objeft  whofe  magnitude  is  m be  fituated  between  the 
id(~n  r 0 

principal  focus  and  furface,  and  an  eye  be  fituated  at  a greater  diftance 


D from  the  furface,  then,  by  the  lemma,  yi j and  — — === 

u — d Dy.r-id+dr 

will  be  the  apparent  angles  under  which  the  objeft  and  image  appear. 
Hence  when  d zr  {r,  or  the  object  be  fituated  in  the  principal  focus, 

the  apparent  magnitude  of  the  image  — — - — , which  is  the  fame  when- 
ever the  eye  is  placed.  If  the  object  be  a fpherical  furface,  we  muft 

dr 

take  the  duplicate  ratio  of  d : --  for  the  ratio  of  their  magnitudes. 

The  angles  are  here  fuppofed  to  be  fmall. 

Cor.  2.  The  objett  and  image  coincide,  and  confequently  become 
equal  at  the  center  and  furface. 

Strictly  fpeaking,  when  the  objedl  is  at  the  furface  it  cannot  be  re- 
flected to  form  an  image,  and  at  the  center  the  obje£t  can  be  only  a 

M - point ; 
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point;  the  corollary  therefore  mull  be  thus  underltocd,  that  as  the  ob- 
ject approaches  the  center  or  furface,  the  image  approaches  it  at  the 
lame  time,  and  the  dillance  between  them  keeps  diminifhing  fine  limite. 

28.  The  image  is  ere£t  when  it  is  on  the  fame 
fide  of  the  center  with  the  objedt,  and  inverted 
when  on  the  contrary  fide. 

When  the  objeX  is  beyond  the  center  in  refpeX  to  the  furface,  the 
image  is  between  the  center  and  principal  focus,  by  prop.  21.  and 
therefore  it  is  inverted;  but  il  the  eye  Ihould  receive  the  rays  reflected 
from  the  fpeculum  before  the  image  is  formed,  the  image  would  appear 
ereX;  then  as  the  eye  recedes  from  the  fpeculum,  the  image  will  grow 
confufed,  and  when  the  eye  gets  to  the  place  of  the  image  after  re- 
flexion, nothing  diltinX  can  then  be  feen,  for  the  eye  is  then  looking 
at  an  image  clofe  to  itfelf,  and  therefore  there  mull  be  the  fame  con- 
fulion  as  when  the  eye  looks  at  an  objeX  clofe  up  to  it;  after  that,  as 
the  eye  recedes  further  back,  the  image  will  then  begin  to  appear  in- 
verted, becaufe  the  eye  will  then  look  at  an  inverted  image.  And  in 
general,  although  the  refleXor  or  lens  may  form  an  inverted  image,  if 
the  rays  enter  the  eye  before  the  formation  of  the  image,  it  appears 
ereX;  but  when  they  enter  the  eye  after  the  image  is  formed,  it  ap- 
pears inverted. 

29.  The  image  of  a ftraight  line  by  reflection 
at  a fpherical  furface  is  a conic  lection. 

If  the  objeX  be  placed  at  the  dillance  of  half  the  radius  of  the  re^ 
fleXor  from  the  center,  the  image  will  be  a parabola;  if  further  from 
the  center,  an  eilipfe ; if  nearer  to  the  center,  an  hyperbola. 


ON  THE  FOCI  OF,  AND  IMAGES  BY,  REFRACTED 

RAYS. 

30.  When  a ray  of  light  pafles  out  of  one  me- 
dium into  another,  the  fine  of  incidence  is  to  the 
line  of  vefradtion  in  a given  ratio. 

We  are  here  to  undcrltand  rays  of  the  fame  colour.  The  fines  of 
incidence  and  refraXion  of  the  moll  and  lead  refrangible  rays  out  of 
glafs  into  air  are  as  : 77  and  78;  hence  for  the  mean  rays  the  ratio 
is  20  : 31,  or  nearly  as  2 : 3,  which  is,  in  common,  taken  for  the 
ratio  of  all  rays.  Out  of  rain  water  into  air,  thefe  ratios  are  as  8 1 : 
108  and  109;  for  the  lead  refrangible  rays  therefore  the  ratio  is  3 ; 4, 
which,  in  common,  is  taken  for  that  of  all  the  rays. 


31.  Light 
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3 1 . Light  cannot  pafs  out  of  a denfer  medium 
into  a rarer,  when  the  fine  of  incidence  has  a 
greater  proportion  to  radius  than  it  has  to  the 
fine  of  refraction. 

The  limit  is  when  the  proportion  is  the  fame.  Hence  a ray  cannot 
pafs  out  of  water  into  air  at  a greater  angle  of  incidence  than  48  '.36'. 
the  fine  of  which  rz  \ of  radius.  Out  of  glafs  into  air  the  angle  muft 
not  exceed  40^.1 i'.  When  the  angle  however  is  within  the  limit  for 
the  light  to  be  refrafted,  fome  of  the  rays  are  refle&ed. 

32.  As  the  angle  of  incidence  increafes,  the 
angle  of  deviation  will  increafe. 

33.  Parallel  rays  of  the  fame  colour  falling  upon 
a plane  refracting  furface,  will  continue  parallel 
after  refraction. 

34.  Parallel  rays  of  the  fame  colour  pafling 
through  a medium  bounded  by  plane  parallel  fur- 
faces,  will  continue  parallel. 

35.  If  parallel  rays  pafs  through  a prifm  whofe 
refracting  angle  is  fmall,  and  the  angle  of  inci- 
dence be  alfo  very  fmall,  and  I and  R be  the  angles 
of  incidence  and  refraction,  G the  refrat ing  angle, 
then  the  angle  of  deviation  after  the  rays  have 


palled  through  the  prifm 


G x 1 — R 
R 


Cor.  Hence  the  deviation  is  in  proportion  to  the  refra&ing  angle. 

36.  If  diverging  or  converging  rays  fall  very 
nearly  perpendicularly  upon  a plane  refracting 
furface,  the  diftance  of  the  focus  of  incident  rays 
from  the  furface  : the  diftance  of  the  focus  of  re- 
fracted rays  ::  the  fine  of  refraction  : the  fine  of 
incidence,  or  as  R : /. 

M a We 
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We  (hall  ufe  I : R to  exprcfs  the  ratio  of  the  fine  of  incidence  : the 
fine  of  refraction. 

37.  If  diverging  rays  pafs  nearly  perpendicularly 
through  a medium  bounded  by  two  plane  parallel 
furfaces,  the  diftance  between  the  foci  of  incident 
and  emergent  rays  : the  diftance  of  the  furfaces  :: 
I : I — R , / and  R being  the  ratio  of  the  fines  of 
incidence  and  refraction  at  the  firft  furface. 

38.  If  parallel  rays  fall  very  nearly  perpendicu- 
larly on  a fpherical  refracting  furface,  the  diftance 
of  the  focus  of  refracted  rays  from  the  furface  : 
the  radius  of  the  furface  ::  I : I — R or  R — I. 

This  focus  is  called  the  principal  focus. 

39.  If  diverging  or  converging  rays  fall  very 
nearly  perpendicularly  upon  a fpherical  redrafting 
furface,  the  diftance  of  the  focus  of  incident  rays 
from  the  principal  focus  : its  diftance  from  the 
center  ::  its  diftance  from  the  furface  : its  diftance 
from  the  focus  of  refracted  rays. 

Cor.  1.  Hence  the  two  foci  coincide  at  the  center  and  furface. 

Cor.  2.  The  four  diftances  in  the  propofition  lie  all  the  fame  way 
from  the  focus  of  incident  rays,  or  two  on  each  fide. 

A concave  furface  of  a denfer  medium  and  a convex  of  a rarer  give 
a divergency  to  rays ; and  a convex  furface  of  denfer  and  concave  of 
a rarer  medium  give  a convergency. 

40.  If  parallel  rays  fall  very  nearly  perpendicu- 
larly upon  a fphere,  and  that  diameter  to  which 
they  are  parallel  be  produced,  if  neceflary ; the  focus 
after  the  rays  have  patted  through  the  fphere  will 
bifeft  the  diftance  between  the  focus  at  the  firft 
furface  and  the  extremity  of  the  above  diameter 
which  is  on  the  contrary  fide  to  the  incident  ray$. 

if 


F 
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If  r =:  the  radius  of  the  fphere,  the  diftance  of  the  principal  focus 
rl 

from  the  center  — — = If  the  fphere  be  water,  the  focus  lies  at 

2I—2K 

the  diftance  of  a radius  beyond  its  furface;  if  glafs,  that  diftance  is  half 
the  radius. 


41.  If  the  line  joining  the  centers  of  the  fur- 
faces  of  a lens  be  divided  in  the  ratio  of  the  re- 
fpedlive  radii,  all  the  rays  palling  through  that 
point  will  have  their  incident  and  emergent  parts 
parallel. 

That  point  is  called  the  center  of  the  lens. 

Hence  if  the  thicknefs  of  the  lens  be  inconfiderable,  the  paflage  of 
every  ray  which  pafles  through  the  center  may,  for  all  practical  pur- 
pofes,  be  confidered  as  a ftraight  line. 


42.  If  the  fine  of  incidence  out  of  air  into  a 
double  convex  or  concave  lens  : the  fine  of  refrac- 
tion ::  I : R,  and  the  radii  of  the  two  furfaces  be 
m and  ;z,  the  diftance  D of  the  principal  focus 

m n R 

from  the  center  of  the  lens  = — — x 7 — — , the 

m-\-n  1 — R 

1 

thicknefs  of  the  lens  being  inconfiderable,  and  the 
rays  falling  nearly  perpendicularly. 

Cor.  1.  If  the  lens  be  glafs,  and  I be  taken  to  R ::  3 : 2,  then  D — 
?mH- ; and  if  m ~n,  D — m. 

m-\-n 

Cor.  2.  If  one  radius  n become  infinite,  or  the  lens  become  plano- 

R 1 

convex  or  concave,  D — mX  ~j Hence  for  fuch  a glafs  lens, 

D — 2 m. 

Cor.  3.  The  focal  length  is  the  fame  on  which  ever  of  the  fides 
the  rays  fall,  the  radii  being  fimilarly  involved.  Alfo,  all  lenfes  of  the 
fame  focal  length  mud  have  the  fame  effeft. 


43.  If  the  lens  be  a menifcus,  or  concavo-con- 


m n R 

vex,  D = x 


m — n I — R‘ 
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Thefe  rules,  though  not  mathematically  true,  are  fufficiently  accurate 
for  all  practical  purpofes. 

Parallel  rays  on  a convex  lens,  plano-convex  lens  and  menifcus,  con- 
verge to  the  principal  focus;  but  on  a concave  lens,  plano-concave  and 
concavo-convex  lens,  they  diverge  from  the  principal  focus.  As  there- 
fore the  rays  would  return  back  in  the  fame  lines,  rays  diverging  from 
the  principal  focus  in  the  former  cafe,  and  converging  to  it  in  the  lat- 
ter, become  parallel  after  palling  through  the  lens. 

To  find  the  principal  focal  length  of  a convex  lens,  hold  it  parallel 
to  a Ikreen  which  is  perpendicular  to  the  fun’s  rays,  and  remove  it 
backwards  and  forwards  till  you  find  the  bright  fpot  the  lead  you  can 
make  it,  and  the  dillance  of  the  lens  from  the  Ikreen  is  its  focal  length. 
Or  remove  it  till  the  image  be  equal  to  the  lens,  and  the  dillance  is 
equal  to  twice  the  focal  length.  If  the  lens  be  concave,  remove  it 
from  the  Ikreen  till  the  bright  annulus  furrounding  a darker  central 
circle  be  equal  in  diameter  to  twice  the  diameter  of  the  lens,  and  the 
dillance  of  the  lens  from  the  ikreen  is  the  focal  length.  The  circle  in 
the  center  is  darker  than  that  part  without,  became  it  receives  only 
thofe  rays  which  pafs  through  the  lens,  whereas  the  annulus  beyond 
receives  thofe  rays  which  pafs  through  the  lens,  and  the  direfl  rays  of 
the  fun  alfo.  The  part  beyond  the  annulus  receives  the  diredl  rays 
only,  and  therefore  is  darker  than  the  annulus,  but  it  is  brighter  than 
the  central  circle,  becaufe  the  diredl  rays  after  refradlion  have  their 
denfity  diminilhed  by  being  rendered  diverging.  Hence  therefore  the 
quantity  of  light  in  the  annulus  is  equal  to  the  fum  of  the  quantities 
on  each  fide. 

44.  If  diverging  or  converging  rays  fall  nearly 
perpendicularly  upon  a lens,  the  dillance  d of  the 
focus  of  incident  rays  from  the  principal  focus: 
its  dillance  from  the  center  ::  that  dillance  : the 
dillance  D of  the  focus  of  incident  and  refradled 


'ays. 

Hence,  and  from  prop.  42.  dm  - mn - x 7 — _ 

m -f-  n 1 — K 


: d ::  d : D — 


m 


+ n X /—  R X d 1 


m -fi-  n X I — R X d <s>  mnR 
>n-\-  nXl—Rxd1 


■,  for  a convex  lens;  for  a concave  D — 


m 


4~  '■  X 1 — R xd-\-m  ?iR 


rays  from  the  lens  — — 


Hence  the  dillance  of  die  focus  of  refrafled 


nRd 


■ - T „ „„  Hence  the  dillance  of 

XI — R X d+mnR 

the  focus  of  incident  rays  from  the  lens  : the  dillance  of  the  focus  of 

refradled  rays  from  the  lens  ::  m + nxI—Rxd+mnR  : mnR.  For  a 

gulls  .ens,  this  ratio  becomes  m-\-nXd%[-2rnn  1 2tnn. 

The 
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The  focus  of  refra&ed  rays  lies  the  fame  way  from  the  focus  of  in- 
cident rays  as  the  principal  focus  does. 

By  moving  the  focus  of  incident  rays  the  focus  of  refradled  rays 
moves  in  the  fame  dire&ion;  and  they  meet  at  the  lens. 

The  proportion  in  the  propofition  holds  for  rays  falling  on  a fphere, 
only  afluming  its  principal  focal  length  from  the  center,  inftead  of  the 
principal  focal  length  of  the  lens. 

45.  If  a medium  be  bounded  by  an  ellipfe  or 
hyperbole  revolving  about  its  major  axis,  and  the 
major  axis  : the  diftance  of  the  foci  ::  I : R , all 
rays  parallel  to  the  major  axis,  entering  into  the 
former  or  coming  out  of  the  latter,  will  be  re- 
fracted to  the  other  focus. 

46.  Let  the  fine  of  incidence  be  to  the  fine  of 
refraction  of  the  lead:  and  molt  refrangible  rays, 
as  p to  ?n  and  n refpeCKvely,  then  if  parallel  rays 
fall  on  a plano-convex  lens,  the  diameter  of  the 
aperture  : the  diameter  of  the  circle  of  aberration 
in  the  focus  of  the  lens  ::  n — m : n-\-m  — 2 ,p* 

Cor.  1.  Hence  if  the  lens  be  glafs,  p , m and  n are  1,0,77  and  78 
refpedlively;  hence  the  diameter  of  the  circle  of  aberration  — -£-s th 
part  of  the  diameter  of  the  aperture. 

Cor.  2.  Hence  alfo  the  angle  of  aberration  varies  as  the  diameter  of 
the  aperture  dire&ly  and  the  focal  length  inverfely. 

47.  If  parallel  homogeneal  rays  fall  upon  the 
plane  fide  of  a plano-convex  lens,  and  n : m ::  the 
fine  of  incidence  out  of  glafs  into  air  : the  fine  of 
refradlion,  alfo  let  r = the  radius  of  the  aperture 
of  the  lens,  and  d~  the  diftance  of  the  principal 
focus  from  the  furface  of  thofe  rays  which  fall  very 
near  the  center;  then  the  longitudinal  aberration 

mz  rz  . ?nz 

=-  _ ~ x and  the  lateral  aberration  = - -j 

m — n 2 a m — n 

r3 
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48.  The  diameter  of  the  circle  of  aberration  is 
equal  to  half  the  lateral  aberration  in  the  laft  pro- 
polition. 

If  the  lens  be  glafs,  and  we  take  n : m ::  20  : 3 1,  alfo  if  r — _ niches, 
and  the  radius  of  the  furface  — 600  inches,  the  diameter  of  the  circle 

of  aberration  — — — *>- — r — — - — — of  an  inch.  This  is  the 
20  X 4x000  72000000 

aberration  from  the  fpherical  form  of  the  glafs.  Now  the  aberration 
from  the  different  refrangibility  of  the  rays  =z  -jt-  by  prop.  46.  Hence 
the  former  aberration  : the  latter  ::  1 : 5449.  The  aberration  there- 
fore from  the  form  of  the  glafs  is  fo  fmall  that  it  may  be  negleded. 
Before  Sir  I.  Newton,  the  imperfection  of  refra&ing  teiefcopcs  was 
fuppofed  to  arife  from  the  fpherical  figures  of  the  glafies;  but  he  has 
thus  ihown  that  it  arifes  principally  from  the  different  refrangibility  of 
light.  He  propofed  therefore  to  form  the  image  of  the  object  by  re- 
flection, which  would  not  be  fubjeCt  to  a like  imperfection,  and  for 
this  purpofe  he  conftruCted  a reflecting  telefcope. 

As  the  aberration  of  rays  from  the  different  refrangibility  of  light 
is  fo  great,  it  might  be  expeCted  that  an  image  could  not  be  formed 
fo  free  from  colour  as  we  find  it;  but  the  rays  are  not  fcattered  uni- 
formly over  the  circle  of  aberration,  but  are  much  more  denfe  towards 
the  middle,  the  denfity  varying  as  the  diftance  from  the  circumference 
direCtly  and  diftance  from  the  center  inverfely,  nearly.  On  account 
therefore  of  their  quick  increafe  of  rarity  as  you  recede  from  the  cen- 
ter, only  thofe  rays  which  are  near  the  center  are  ftrong  enough  to  be 
vifible. 


49.  An  objedt  in  the  water  looked  at  in  a di- 
rection perpendicular  to  the  furface  appears  ele- 
vated ^ of  its  depth  in  the  water. 

As  the  eye  recedes  from  that  perpendicular  the  objeCt  appears  to 
rife,  and  would  appear  at  the  furface  if  the  eye  were  removed  to  an 
infinite  diftance.  If  a river  be  6 feet  deep  it  appears  to  be  only  4!  ft.; 
a perfon  not  apprifed  of  this  might  venture  into  water  at  the  hazard 
of  his  life. 


50.  The  image  of  a ftraight  line  by  refradtion 
at  a plane  furface,  is  a ftraight  line,  but  not  equal 
to  the  objedt,  or  fimilarly  lituated,  unlefs  the  ob- 
jedt is  parallel  to  the  furface. 

All  plane  objetts  will  be  fimilar  to  their  images  when  they  are  pa- 
rallel to  the  furface;  otherwife  not.  Hence  alfo  a ftraight  rod  put 
into  water  appears  bent  at  the  furface,  the  image  of  the  part  within 
lying  above  the  objed. 

51.  An 
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5 1 . An  objedt  feen  through  a medium  bounded 
by  two  plane  parallel  furfaces  whofe  diftance  is  d , 

I—R  i 

appears  nearer  by  d x — — ptop.  37. 

For  the  image  of  an  objed  is  formed  by  the  images  of  every  point 
of  the  objed.  If  the  medium  be  glafs  it  appears  nearer  by  \d-,  there- 
fore an  objed  feen  through  common  glafs  does  not  appear  to  be  fen- 
fibly  altered. 

52.  An  objedt  feen  through  a very  fmall  hole 
appears  inverted,  becaufe  the  rays  from  the  ex- 
treme parts  of  the  objedt  muft  have  croffed  at  the 
hole. 

The  rays  of  light  are  probably  infleded  as  they  pafs  by  the  edge  of 
the  hole,  for  it  renders  diftant  objeds  very  diftind  to  a Ihort  lighted 
perfon,  and  has  therefore  the  property  of  a concave  lens.  This  effed 
however  may  perhaps  partly  arife  from  the  fmall  number  of  rays  ad- 
mitted to  the  eye,  by  which  the  confufion  to  a fhort  fighted  perfon 
may  in  fome  meafure  be  taken  off.  But  from  my  own  experience  of 
the  appearance  of  objeds  thus  feen,  I can  have  no  doubt  but  that  the 
former  effed  is  produced. 

53.  The  image  of  a fpherical  objedt  concentric 
with  a lens,  will  be  alfo  fpherical  and  concentric 
with  it. 

54.  The  image  will  be  eredt  or  inverted,  accord- 
ing as  it  is  on  the  fame  or  different  lides  of  the 
center  in  refpedt  to  the  objedt. 

In  a convex  lens  the  image  will  be  ered  when  it  is  further  from  the 
lens  than  the  principal  focal  length,  and  inverted  when  nearer.  In  a 
concave  lens  the  image  is  always  cred. 

When  the  image  is  inverted,  if  the  eye  receive  tlie  rays  before  they 
form  the  image,  the  objed  appears  ered;  then  as  the  eye  recedes 
from  the  lens,  a confufion  will  come  on  till  the  eye  gets  to  the  image, 
where  nothing  will  appear;  afterwards  the  objed  appears  inverted. 

5 <j.  If  r be  the  principal  focal  length,  d the  dis- 
tance of  the  objedt  from  the  lens,  then  the  dif- 

n tance 
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tance  of  the  image  from  the  lens=^r,  where  the 

lower  or  upper  fign  takes  place  according  as  the 
lens  is  concave  or  convex. 

In  a concave  lens  the  image  is  always  nearer  than  the  objeft;  in  a 
convex  lens  it  may  be  nearer  or  further  off. 


56.  If  the  object  be  an  arc  of  a circle,  the  mag- 
nitude of  the  object  : the  magnitude  of  the  image 
::  d+r  : r ; but  if  it  be  a fpherical  lurface,  their 

magnitudes  are  as  d+r  : r2. 


57.  The  apparent  diameters  of  an  object  to  the 
naked  eye,  and  feen  through  a lens,  are  as  their 
magnitudes  divided  by  their  diltances  from  the 
eye. 

An  objedl  always  appears  diminiihed  when  feen  through  a concave 
lens,  and  magnified. in  a convex  lens  when  nearer  than  the  principal 
focus,  unlefs  the  lens  is  clofe  to  the  obje£t  or  eye,  in  which  cafes  the 
apparent  magnitude  is  not  altered.  Jf  a linear  objeft  whofe  mag- 
nitude is  <v  be  placed  beyond  the  principal  focus  of  a convex  lens, 
aad  the  eye  be  on  the  other  fide  at  the  difiance  m from  the  lens,  the 
apparent  magnitude  to  the  naked  eye,  and  the  apparent  magnitude  in 
, «<z/°  avro 

the  lens  will,  by  tne  lemma,  be  -7- — and  — — . Now  if  d — »- 

d+m  dr  — d—rXm  ’ 


or  the  objeft  be  fituated  in  the  principal  focus,  thefe  become-^—  and 

m + r 

dd. . Which  fhows  that  as  the  eye  recedes  from  the  lens,  the  apparent 


magnitude  of  the  objefl  to  the  naked  eye  diminilhes,  and  the  apparent 
magnitude  of  the  image  will  remain  the  fame,  if  m~r,  the  magni- 


. , a~j°  , av 

tudes  become and  — ; 

r-\-d  rS 


lienee  the 


apparent  magnitude  of  the 


image  is  the  fame  at  all  dinances  of  the  objeft  from  the  lens.  In  all 
thefe  cafes  the  angles  are  fuppofed  to  be  very  fmall. 

In  vifion  by  images,  as  Mr.  Harris  in  his  excellent  Trcatife  of 
Optics  obferves,  we  are  generally  deprived  of  many  circumftances  by 
which  we  ufually  judge  of  difiance,  which  makes  it  very  difficult  iii 
moll  cafes  to  judge  of  the  place  of  an  image,  if  it  be  further  off  than 


1 or 
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■2  or  3 yards.  Thefe  difficulties  are  again  increafed  by  fome  peculi- 
arities belonging  to  images,  which  we  are  not  accuftomed  to  obferve, 
and  for  which  therefore  we  are  at  a lofs  how  to  make  proper  allowances. 

In  refped  to  the  idea  of  apparent  magnitude,  as  the  fame  author 
obferves,  it  is  difficult  to  afcertain  precifely,  how  far,  or  in  what  pro- 
portion, apparent  diitance  affeds  it.  The  vifual  angle  may  be  the  lame 
and  yet  the  apparent  magnitude  very  different:  a pane  of  glafs,  for 
inftance,  does  not  appear  fo  big  as  the  front  of  an  houfe  feen  through 
it;  nor  does  a child  2 feet  high  appear  fo  big  as  a man  6 feet  high 
at  three  times  the  diftar.ce,  although  in  both  cafes  the  vifual  angle  is 
the  fame.  If  we  fuppofe  an  objed  to  be  at  a greater  diftance,  and 
fubtend  the  fame  angle  a,?  one  at  a lefs  diitance,  we  have  an  idea  of  a 
greater  apparent  magnitude.  Mr.  Harris  therefore  fuppofes,  that 
apparent  magnitudes  are  either  exactly , or  ‘very  nearly , in  the  compound 
ratio  of  the  < vifual  angles  and  apparent  diftances.  Hence  when  objects 
are  lb  near  that  the  apparent  diltances  are  judged  to  be  the  fame  as  the 
true,  the  apparent  magnitude  is  not  altered  by  altering  its  diitance: 
thus  a man  appears  as  big  at  the  diitance  of  6 yards  as  he  does  at  i yd. 
And  it  feerr.s  to  be  necelfary,  that  we  fhould  have  fome  certain  means 
of  judging  of  near  diftances,  other  wife  vve  might  be  frequently  in  great 
danger  without  perceiving  it.  But  when,  by  increaling  the  diitance 
of  an  objed,  or  its  image,  the  apparent  diitance  does  not  increafe  fo 
fait  as  its  true  diitance,  the  apparent  magnitude  diminilhes.  For  if 
m — the  magnitude  of  the  object,  or  its  image,  d ~ the  real  diitance 
from  the  eye,  2>"the  eitiinated  diitance;  then  the  apparent  magnitude 

— x D;  hence,  as  long  as  D~d,  the  apparent  magnitude  is  the  fame 

at  all  diftances;  but  when  D increafes  flower  than  d,  which  is  the  cafe 
when  they  become  of  confiderablc  magnitude,  then  tire  apparent  mag- 
nitude diminilhes.  Hence,  as  we  are  led  to  judge  of  the  fituation  of 
an  objed,  and  more  particularly  fo  of  an  image,  to  be  fo  very  diffe- 
rent from  their  true  place,  it  happens  that  our  ideas  of  apparent  mag- 
nitude difter  fo  much  from  the  vifual  angles.  This  extends  to  all  images 
both  by  reflexion  and  refraction.  The  reader  will  find  a great  deal 
of  fatisfadion  upon  the  fabjed  in  Mr.  Harris’s  Optics. 

58.  If  in  the  place  of  a real  image,  that  is,  an 
image  formed  by  rays  converging,  a white  paper  be 
placed,  the  image  will  be  formed  upon  the  paper. 

For  the  rays  are  then  refleded  from  ever}'  point  of  the  image  in  all 
diredions,  in  like  mannner  as  if  it  were  a real  objed  But  when  the 
paper  is  removed,  the  rays  proceed  only  ftraight  forward,  and  there-: 
fore  die  image  can  only  be  leen  by  an  eye  placed  diredly  behind  it. 

59.  The  image  of  a circular  object  concentric 
with  a fmgle  fpherical  refracting  furface,  will  be 
alfo  circular  and  concentric  with  it. 

N Z 
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60.  If  the  object  be  linear,  its  magnitude  and 
the  magnitude  of  the  image  will  be  as  their  diflances 
from  the  center. 

6 1 . The  image  will  be  erect  or  inverted,  accord- 
ing as  it  is  on  the  fame  or  different  fides  of  the 
center  in  refpedt  to  the  object. 


62.  The  image  of  a ftraight  line  by  refraction 
through  a lens,  is  a conic  fedlion. 

If  the  objeft  be  fituated  in  the  principal  focus,  the  image  is  a para- 
bola; if  nearer  to  the  lens,  it  is  an  hyperbola;  if  further  from  the  lens, 

an  cilipfe. 


63.  If  a ray  of  light  pafs  out  of  air  into  any 
medium  at  an  angle  of  incidence  whofe  fine  — j, 
and  the  fines  of  refradtion  of  the  leaf!  and  greatefl 
refrangible  rays  be  m and  n j then 'the  arc,  to  ra- 
dius unity,  meafuring  the  whole  difperfion  of  the 
n — m 

rays  ==  — - — , c being  the  cofine  of  refraction  of 
the  mean  refrangible  rays. 

For  the  fame  medium  m : s ::  1 : <v  a conftant  ratio,  and  n ; s : r : w; 

1 1 1 • r r JXf W T r r-  . . 

hence  tne  dxfpernon  — Let  rays  pafs  out  of  air  into  dint 


glafs,  and  *v  — 1,565,  w = 1,591; » ^et  rays  alfo  pafs  out  of  air  into  com- 
' linon  glafs, 'at  the  fame  angle  of  incidence,  then  v—  1,56,  nv  — 1,54; 
iicw  as  we  may  connder  c to  be  the  fame  in  both  cafes,  we  have  the 
diffipating  powers  of  thefe  two  mediums  at  the  fame  angle  of  incidence 
0,03  _ 0,02 

■ S 1,565  X 1,59s  ” I,54X  1,56 

When  the  rays  fall  very  nearly  perpendicularly,  we  may  cofifider  s 
and  c as  conftant,  and  the  diflipating  powers  will  in  that  cafe,  be  al- 

•u  — w 
ways  as  . 

*1)  "IU 


::  3 : 2 very  nearly. 


64.  If  a ray  of  light  pafs  through  a prifm  and 
both  refractions  be  the  fame  way,  the  whole  dif- 
perfion 
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perfion  of  the  rays  will  be  the  fum  of  the  difper- 
lions  at  going  in  and  coming  out  of  the  prifm,  each 
of  which  may  be  computed  by  the  rule  in  the  laft 
proportion,  having  given  the  angle  of  incidence 
upon  the  firft  furface  and  the  refracting  angle  of 
the  prifm. 


If  / — the  fine  of  incidence  on  the  firft  furface,  c ~ coline  of  refrac- 
tion, 5 — the  fine  of  incidence  on  the  fecond  furface,  C — the  cofine  of 
refraction,  •v  and  vj  as  in  the  laft  propofition;  then  the  whole  dilper- 


r sx<v 1AJ  , SX'i/ — w 

lion  ~ + = 

c XV'-ju  LXw 


sC  -J-  Sc  «Z/- 
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-qjj 


Cc 


V-IV 


If  the  refraCted 


ray 


within  the  prifm  be  parallel  to  the  bafe,  s and  C are  the  fines  and  co- 
fines of  the  fame  angle,  and  fo  alfo  are  S and  c . 


65.  Two  prifms  made  of  different  kinds  of  glafs 
may  have  their  refracting  angles  fo  adjufted,  that 
when  the  refracting  angle  of  one  is  applied  to  the 
bafe  of  the  other,  a ray  of  light  palling  through 
them  fhall  have  its  incident  and  emergent  parts 
parallel,  and  the  emergent  part  fhall  be  coloured. 

66.  Two  prifms  may  be  made  and  applied  as 
before,  and  the  emergent  ray  fhall  be  free  from 
colour,  but  not  parallel  to  the  incident  ray. 

Sir  I.  Newton,  after  having  determined  the  proportion  of  the  fine 
of  incidence  to  the  fines  of  refraClion  of  different  coloured  rays,  as 
given  by  his  glafs  prifms,  procedes  to  difcover  their  proportions  in 
different  refracting  mediums.  He  placed  a prifm  of  glafs  in  a prifmatic 
vcffel  of  water,  and  refraCting  the  light  through  thefe  mediums,  he 
found  that  light,  as  often  as  by  contrary,  refraClions  it  was  fo  corrected 
that  it  emerged  in  lines  parallel  to  thofe  in  which  it  was  incident,  con- 
tinued to  be  white;  but  if  the  emergent  rays  were  inclined  to  the  in- 
cident, the  light  became  coloured.  The  conclufion  from  this  ex- 
periment was,  that  the  divergency  of  the  different  coloured  rays  was 
conftantly  in  a given  ratio  to  the  mean  refraClion  in  all  mediums.  But 
in  the  year  1757,  Mr.  Dollond  tried  the  fame  experiment  and  found 
the  refult  to  be  very  different;  for  when  the  light  was  refraCled  in 
contrary  directions  through  the  glafs  and  water  prifms,  if  the  emer- 
gent rays  were  parallel  to  the  incident  rays,  they  were  found  to  be 
confiderably  coloured ; from  whence  it  followed  that  the  difperfion  of 
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the  rays  of  different  colours  was  not  in  a conffant  ratio  to  the  mean 
refradtion  in  water  as  in  glafs,  becaufe  there  was  a difperfion  without 
any  mean  refradtion.  And  further  experiments  proved  that  there  was 
alfo  a very  confiderable  difference  of  the  fame  kind  to  be  found  in  dif- 
ferent forts  of  glafs.  This  difcovery  of  Mr.  Doi.lond  was  fo  extra- 
ordinary, and  fo  contrary  to  the  bed  effablilhed  principles,  that  Mr. 
Euler  did  not  at  firft  believe  it.  At  length  however  Mr.  Zeiher, 
at  Peterjlurg , made  experiments  of  a l'imilar  kind,  and  convinced  Mr. 
Euler  that  it  was  true.  He  fhowed  that  it  is  the  lead,  which  is  ufed 
in  fome  compofitions  of  glafs,  which  produces  that  very  extraordinary 
property  of  augmenting  the  difperfion  of  the  extreme  rays,  without 
fenfibly  changing  the  refradtion  of  the  mean.  Mr.  Euler,  in  a paper 
read  at  the  Academy  of  Sciences  at  Berlin  in  1 764,  was  candid  enough 
tq  confefs  that  he  did  not  at  firfl  credit  the  account,  and  thereby  gave 
to  Mr.  Dollond  the  honour  of  the  difcovery.  Notwithllanding  this 
declaration  of  Mr.  Euler,  M.  De  la  Lakue  in  his  Aftronomy  pub- 
lifhed  in  1764,  and  Fuss  in  his  Eulogy  on  Euler,  both  afcribe  the 
invention  to  Euler.  But  it  dill  remains  to  be  explained  from  whence 
arofe  this  difference  between  Sir  I.  Newton’s  and  Mr.  Dollond’s 
experiments.  This  Mr.  P.  Dollond  has  done  in  a pamphlet,  entitled. 
Some  account  of  the  difcovery  by  the  late  Mr.  John  Dollond,  F.R.S. 
which  led  to  the  great  improvement  of  refraEling  telefcopes.  In  Newton’s 
time  the  Englilh  were  not  the  mod  famous  for  making  telefcopes,  and 
a great  many  were  imported  from  Italy,  and  particularly  from  Venice. 
The  glafs  made  at  Venice  was  nearly  of  the  fame  refradtive  quality  as 
our  crown  glafs,  but  of  better  colour.  It  is  probable  that  Newton’s 
prifms  were  made  of  that  glafs,  becaufe  he  mentions  the  fpecific  gravity 
of  common  glafs  to  be  to  water  as  2,58  : 1,  which  nearly  anfwers  to 
that  of  Venetian  glafs.  Now  Mr.  Dollond  had  a piece  of  that  glafs 
by  him,  of  which  he  made  a prifm,  and  trying  the  experiment  with  it, 
he  found  it  anfwered  very  nearly  to  what  Newton  relates,  the  dif- 
ference being  only  fuch  as  may  be  fuppofed  to  arife  from  the  fame  kind 
of  glafs  made  at  different  times.  Hence  it  appears,  that  Newton 
was  accurate  in  his  experiment,  and  had  he  ufed  prifms  of  different 
glafs,  he  would  have  made  the  difcovery  which  led  to  the  perfedting 
of  refradting  telefcopes. 

Mr.  Doi.lond  having  difeovered  that  different  kinds  of  glafs  had 
different  difperfive  powers,  examined  all  the  different  kinds,  and  found 
that  the  difference  cf  dilperfions  was  greateft  in  the  crown  and  white 
flint  glafs.  He  therefore  ground  a wedge  of  flint  glafs  at  an  angle  of 
about  25°,  and  feveral  others  of  crown  glafs,  till  he  found  one  with 
the  fame  difperfive  power  as  the  flint  glals,  and  applying  thefe  toge- 
ther fo  as  to  refradt  in  contrary  diredlions,  he  found  that  the  emergent 
rays  were  free  from  colour  but  not  parallel  to  the  incident  rays.  They 
were  free  from  colour  becaufe  the  difperfive  powers  were  equal  and 
contrary,  but  not  parallel  to  the  incident  rays,  becaufe  the  mean  re- 
fradtive  power  of  each  prifm  was  different.  In  like  manner  he  found 
tjjat  he  could  apply  a wedge  of  crown  glafs  to  the  flint  which  fliould 
have  the  fame  mean  refradtive  but  a different  difperfive  power, «by 
which  means  the  emergent  rays  would  be  parallel  to  the  incident,  but 
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would  be  coloured.  They  would  be  parallel  becaufe  the  mean  refractive 
powers  were  equal  and  contrary,  and  coloured  becaufe  the  difperlive 
powers  were  unequal.  Thus  he  could  produce  refra&ion  without  dif- 
perfion, and  difperfion  without  refraaion. 

1 Mr.  Dollond  next  confidered,  that  as  a ray  might  be  refraaed 
free  from  colour  through  a wedge,  it  might  alfo  through  a lens.  When 
an  image  of  an  objea  is  formed  by  a convex  lens,  it  appears  coloured, 
owino-  to  the  difperfion  of  the  rays  by  refraaion;  as. therefore  rays  can 
be  refraaed  without  difperfion  by  prifms,  he  conceived  that  it  might 
alfo  be  done  by  a combination  of  lenfes.  And  in  this  he  fucceeded, 
by  confidering,  that  in  order  to  make  two  fpherical  glades  that  lhould 
refraa  the  light  in  contrary  direaions,  as  in  the  two  wedges,  one  mult 
be  concave  and  the  other  convex ; and  as  the  rays  are  to  converge  to 
a real  focus,  the  excefs  of  refraaion  mull  be  in  the  convex  lens,  becaufe 
that  makes  rays  converge  and  the  concave  makes  them  diverge.  Alfo, 
as  the  convex  lens  is  to  refraa  mod  it  mud  be  made  of  crown  glafs,  as 
appeared  from  the  experiments  with  the  wedges,  and  the  concave  of 
white  flint  glafs.  Farther,  as  the  angle  of  difperfion  varies  inverfely 
as  the  focaHength,  very  nearly,  from  the  principles  of  optics,  and  the 
angle  of  difperfional  fo  varies  as  the  difperfmg  powers,  therefore  if  the 
focal  lengths  be  taken  inverfely  as  the  difperfmg  powers,  found  from 
the  two  wedges,  the  angles  of  difperfion  will  be  equal,  and  being  in 
contrary  direaions  they  will  correa  each  other  and  the  different  re- 
frangibility  of  light  will  be  removed.  Upon  this  principal  Mr.  Dol- 
lqkd,  was  enabled  to  make  a combined  lens  to  form  an  image  free 
from  colour,  and  therefore  brought  to  perfeaion  the  refraaing  tele- 
fcope,  making  it  reprefent  obje&s  with  great  didinanefs,  and  in  their 
true  colours.  Indead  of  forming  the  objea  glafs  with  one  convex  lens 
of  crown  and  one  of  flint  glafs,  two  convex  lenfes  of  crown  are  ufed 
and  the  concave  one  of  flint  put  between  them.  This  condruaion  of 
the  objea  giafs  tends  alfo  to  correa  the  error  ariflng  from  the  fpheri- 
cal form  of  the  lens;  for  as  the  rays  at  the  edge  of  the  convex  lens 
tend  to  a focus  nearer  to  the  lens  than  thofe  at  the  middle,  the  concave 
lens,  which  makes  the  rays  at  the  edge  diverge  more  than  thofe  at  the 
middle,  will  counteraa  the  above  efFea,  and  bring  the  rays  at  all  dis- 
tances from  the  center  of  the  lens  to  a focus  more  nearly  together; 
and  bv  a proper  adjudmcnt  of  the  foci  the  diffudon  cf  rays  at  the  focus 
may  be  rendered  inconfiderablc.  Telefcopes  thus  conflruCted  are  called 
Achromatic . 

ON  THE  CONSTRUCTION  OF  OPTICAL  INSTRU- 
MENTS. 

67.  A fingle  microfcope  is  formed  by  one  con- 
vex lens,  having  the  objett  in  the  principal  focus, 
and  the  linear  magnifying  power  is  equal  to  the  lead: 
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diftance  at  which  the  naked  eye  can  fee  diftindtly 
divided  by  the  focal  length  of  the  lens. 

In  this,  and  alfo  in  the  next  proportion,  we  compare  the  magnitude 
feen  through  the  glafs  with  that  feen  without  it  at  the  leaft  diftance 
of  diftinft  vifton,  which  is  ufually  about  6 or  7 inches* 

63.  A compound  microfcope  is  formed  with 
two  convex  lenfes ; the  objedt  is  placed  a little  be- 
yond the  principal  focus  of  one,  by  which  means 
a large  inverted  image  is  formed,  and  the  eye  glafs 
is  placed  at  the  diftance  of  its  focal  length  from 
the  image;  by  this  combination,  the  linear  magni- 
fying power  is  equal  to  the  lead:  diftance  of  diftindl 
vifion  multiplied  by  the  diftance  of  the  image  from 
the  objedt  glafs,  divided  by  the  diftance  of  the  ob- 
ject from  the  objedt  glafs  multiplied  by  the  focal 
length  of  the  eye  glafs. 

The  objeft  appears  inverted  becaufe  the  eye  looks  at  an  inverted 
image.  The  brightnefs  of  the  objeft  is  as  the  magnitude  of  the  ob- 
jeft glafs;  and  the  field  of  view  as  the  magnitude  of  the  eye  glafs,  all 
the  other  circumftances  being  the  fame. 

69.  A folar  microfcope  is  formed  by  two  convex 
lenfes,  one  of  which  is  to  receive  the  rays  of  the 
fun  and  throw  them  upon  the  objedt  to  illuminate 
it;  and  the  object  being  ftuated  a little  beyond  the 
principal  focus  of  the  other  lens,  a large  inverted 
image  is  formed  and  received  upon  a fkreen,  and 
magnified,  in  linear  dimenfions,  as  the  diftance  of 
the  image  from  the  lens  divided  by  the  diftance 
of  the  objedt  from  the  lens. 

70.  A magic  lanthorn  is  formed  by  placing  an 
objedt.  a little  beyond  the  principal  focus  of  a con- 
vex lens,  and  receiving  the  image  upon  a fkreen ; 
it  therefore  magnifies  as  the  folar  microfcope. 
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The  object  is  illuminated  by  a lamp  or  candle,  and  the  rays  are  ge- 
nerally received  on  the  plane  fide  of  a glafs  fegment  of  a fphcre  and 
refracted  to  the  objed,  in  order  to  illuminate  it  more  ftrongly. 

7 1.  A camera  obfcura  is  a box  with  a convex 
lens  put  into  a moveable  tube,  by  which  the  images 
of  diftant  objects  are  formed  upon  a plane  in  the 
box  proper  to  receive  them. 

This  fnould  be  ufed  when  the  fun  fhines,  otherwife  the  image  will 
be  faint. 

72.  The  aftronomical  telefcope  confifts  of  a 
double  convex  lens  objedt  glafs  and  eye  glafs,  and 
the  magnifying  power  is  equal  to  the  focal  length 
of  the  object  glafs  divided  by  that  of  the  eye  glafs. 

The  diflance  of  the  two  glaffes  — the  fum  of  their  focal  lengths ; and 
an  inverted  image  being  formed  by  the  objed  glafs  is  looked  at  by  the 
eye  glafs.  This  is  only  ufed  for  aiironomical  obfervations,  becaufe  the 
objeds  appear  inverted,  which,  for  fuch  purpofes,  is  of  no  confequence. 

The  brightnefs  of  the  objed  is  as  the  magnitude  of  the  objed  glafs; 
and  the  vifible  area  as  the  magnitude  of  the  eye  glafs,  the  other  cir- 
cumftances  remaining  the  fame.  By  proportioning  the  focal  diilances 
of  thefe  glaffes,  you  may  magnify  as  much  as  you  pleafe;  but  unlefs  you 
can  increafe  the  quantity  of  light  in  proportion,  the  objed  will  be- 
come indiflind  for  want  of  light.  Now  you  can  increafe  the  quantity 
of  light  only  by  increafing  the  magnitude  of  the  objed  glafs,  which 
you  cannot  do,  if  fmgle,  to  a great  degree  without  the  objed  appear- 
ing coloured  from  the  different  refrangibility  of  the  rays  of  light. 
Here  then  is  the  great  ufe  of  the  achromatic  objed  glafs,  which  admits 
of  being  very  large  without  feparating  the  colours,  by  which  you  can 
form  a very  perfed  ftrong  image. 

73.  The  terreftrial  telefcope  is  compofed  of  au 
object  glafs  of  a double  convex  lens,,  and  three  eye 
glalfes,  generally  of  the  fame  focal  length,  and  mag- 
nifies, in  that  cafe,  as  the  aftronomical  telefcope. 

The  objed  glafs  firfl:  forms  an  inverted  image,  and  then  the  two  eye 
glaffes  next  to  it  receive  the  rays  and  invert  the  image  again,  and  the 
third  eye  glafs  is  to  look  at  this  ered  image.  Hence  the  objed  ap- 
pears ered,  and  therefore  is  fit  for  terreflrial  obfervations.  In  the  beft 
telefcopes  the  objed  glafs  is  achromatic,  and  forms  a colourlefs  image* 
but  it  might  here  be  expeded  that  the  fecond  image  formed  by  the  eye 
glaffes,  they  not  being  achromatic,  would  be  coloured,  which  is  not 
foe  cafe;  the  reafon  is,  that  the  aperture  of  the  eye  glaffes  is  but  finall , 
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and  the  difperfion  of  the  rays  in  the  focus  is  as  the  aperture,  and  there- 
fore here  is  but  fmall,  and  that  may  be  removed  by  a proper  adjult- 
ment  of  the  eye  glafles,  and  increafmg  their  number.  See  Mr.  Rams- 
den’s  Paper  on  this  fubjed  in  the  Phil.  Tran/.  17S3. 

74.  Galileo’s  telefcope  is  formed  by  a convex 
lens  object  glafs,  and  concave  eye  glafs,  whofe  dis- 
tance is  the  difference  of  their  focal  lengths,  and 
the  magnifying  power  is  equal  to  the  focal  length 
of  the  former  divided  by  that  of  the  latter. 

The  eye  glafs  intercepts  the  rays  before  the  image  is  formed  by  the 
object  glafs,  and  therefore  the  objed  appears  ered  Th-  brightnel's 
is  as  the  magnitude  of  the  objed  glafs;  and  the  viable  area  is  as  the 
magnitude  of  the  pupil  of  the  eye,  and  will  be  greater  alio  the  nearer 
the  eye  is  to  the  glafs,  all  other  circumilances  being  the  lame. 

75.  Sir  Isaac  Newton’s  reflecting  telelcope  is 
formed  by  placing  a concave  reflector  to  receive 
the  rays  and  form  the  image;  but  thofe  rays  are 
received  after  refled  ion,  before  the  image  is  formed, 
upon  a plane  reflector  making  an  angle  of  450 
with  the  axis  of  the  refleCtor,  by  which  means  the 
image  is  thrown  out  of  the  axis  and  lies  parallel 
to  it,  where  it  is  looked  at  by  an  eye  glafs.  The 
magnifying  power  of  this  telefcope  is  the  focal 
length  of  the  refiedor  divided  by  that  of  the  eye 
glafs. 

The  brightnefs  is  as  the  magnitude  of  the  refiedor;  and  the  field  of 
view  as  the  magnitude  of  the  eye  glafs,  all  other  circumilances  being 
the  fame. 

This  telefcope  was  conflruded  by  Sir  I.  Newton  in  order  to  form 
an  image  free  from  colour,  which  at  that  time  could  not  be  done  by 
refradion.  Since  therefore  the  invention  of  the  achromatic  telefcopes, 
thefe  have  been  oflefs  ufe;  for  the  image,  although  free  from  colours, 
is  not  fo  fluir p and  dillind  as  by  refraction.  Inllead  of  a plane  fpecu- 
lum  to  relied  the  light,  a right  angled  prifm  is  fometimes  ufed,  fo  that 
the  rays  enter  and  go  out  of  the  two  lides  including  the  right  angle 
perpendicularly,  and  are  refleded  at  the  third  fide,  which  reflection  is 
ilrongcr  than  from  a plane  fpeculum.  The  third  fide  is  not  quick- 
fnvered  over,  for  without  quickfilver  it  will  refled  all  the  light  inci- 
dent upon  it  front  the  fpeculum. 

Since 
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Since  the  time  of  Sir  I.  Newton,  refletfting  telefcopes  have  been 
differently  conltrflfted.  Dr.  Gregory  formed  the  image  by  a con- 
cave refledor,  and  then  at  a little  diftance  beyond  the  image  from  that 
reflector  he  placed  another  concave  refleftor  which  formed  a fecond 
image,  which  is  viewed  through  a hole  in  the  center  of  the  firfl  re- 
flector-by  a convex  eye  glafs.  Mr.  Cassegrain  afterwards  made  a 
flnall  alteration  in  the  conltrudlion,  by  placing  a fniall  convex  reflector 
to  receive  the  rays  before  the  image  was  formed  by  the  firfl  reflector, 
by  which  he  formed  an  image  which  was  viewed  as  before.  This  con- 
llru&ion  has  fome  advantage  over  the  former,  for  as  one  reflector  is 
convex  and  the  other  concave,  the  error  arifing  from  the  fpherical  form 
of  the  firfl  reflector  is  partly  corrected  by  the  fecond;  whereas  in  the 
other  form  it  would  be  increafed. 

76.  When  a fhort  fighted  perfori  ufes  a tele- 
fcope, he  mull:  pufh  the  eye  glafs  nearer  to  the 
object  glafs;  the  contray  for  a long  lighted  perfon. 

77.  The  denlity  of  light  varies  inverfely  as  the 
fquare  of  the  diftance  from  the  point  from  which 
it  diverges. 

Hence  the  quantity  of  light  received  by  a telefcope  from  an  objeiEl 
varies  inverfely  as  the  fquare  of  the  diftance  of  the  object  from  the 
telefcope,  and  confequently  the  brightnefs  of  the  objeft  feen  through 
it  muft  vary,  in  the  fame  ratio,  every  thing  elfe  being  the  fame.  By 
denfity  we  do  not  here  mean  the  number  of  particles  in  a given  fpacs 
of  three  dimenfions,  but  the  number  on  a given  plane. 

ON  THE  RAlNBOWi 

1 

78.  If  a ray  of  light  enter  a fphere  of  a denier 
medium,  and  after  n reflections  within  it  emerge; 
then  if  a ==  the  angle  of  incidence,  b — the  angle 
of  refraction  at  the  entrance,  the  angle  under  the 
incident  and  emergent  rays  — 2a  — 2;z+  2 xb. 

When  the  number  of  refledions  is  odd,  it  is  the  angle  between  ths 
rays ; when  the  number  is  even,  it  is  the  angle  on  the  other  fide. 

79.  When  the  angle  under  the  incident  and 
emergent  rays  is  a maximum  or  minimum,  the 
tangent  of  the  angle  of  incidence  : the  tangent  of 
refraction  ::  n-\-i  : 1. 
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As  the  medium,  in  the  following  propofitions,  is  fuppofed  to  be 
water,  the  fine  of  incidence  : the  fine  of  refraction  for  the  lealt  refran- 
gible rays  as  77  : 50,  and  for  the  greatell  as  78  : 50. 

80.  The  ratio  of  the  fines  and  tangents  of  in- 
cidence and  refradfion  being  given  as  in  the  two 
laft:  propofitions,  the  angles  themfelves  may  be 
found. 

8 1 . The  rainbow  is  formed  by  the  refraction 
and  reflexion  of  the  fun’s  rays  on  falling  drops 
of  rain. 

82.  Rays  are  faid  to  be  efficacious  when  a fuffi- 
cient  number  of  any  one  colour  comes  to  the  eye 
to  excite  the  idea  of  that  colour. 

83.  Rays  are  mod:  efficacious  when  thofe  of  the 
fame  colour  emerge  parallel. 

For  then  they  keep  together  and  all  enter  the  eye.  When  the  rays 
emerge  parallel,  they  will,  when  produced  to  meet  the  incident  rays, 
make  equal  angles  with  them. 

84.  If  they  make  equal  angles  with  each  other, 
that  angle  mud:  be  either  a maximum  or  minimum. 

For  when  a quantity  is  either  a maximum  or  minimum,  it  is  at  that 
time  neither  in  an  increafmg  or  decreafing  ftate. 

85.  Hence  the  angle  of  incidence  found  in  prop. 
80.  is  the  proper  angle  to  render  the  rays  effica- 
cious. 

86.  As  the  rays  of  different  colours  have  diffe- 
rent degrees  of  refrangibility,  the  angle  of  inci- 
dence, to  render  the  rays  efficacious,  muff:  be  diffe- 
rent for  the  different  colours. 

87.  The  primary  bow  is  caufed  by  two  refrac- 
tions and  one  reflection,  and  all  the  rays  are  re- 
flected from  the  fame  point. 


88.  The 
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SB.  The  fecondaiy  bow  is  caufed  by  two  re- 
fractions and  two  reflections,  and  all  the  rays  from 
the  fir  ft  to  the  fecond  reflection  go  parallel. 

Hence  as  Tome  rays  are  loft  by  refraction  at  every  reflection,  the 
primary  bow  is  brighter  than  the  fecondary. 

89.  In  the  primary  bow  the  leaft  refrangible 
rays  are  uppermoft;  and  in  the  fecondary  bow 
the  moft  refrangible  are  uppermoft. 

Hence  the  order  of  the  colours  in  the  two  bows  is  inverted. 

Red  is  the  leaft  refrangible  ray,  and  then  orange,  yellow,  green, 
blue,  indigo,  violet;  this  therefore  is  the  order  of  the  colours  from  the 
upper  to  the  under  fide  of  the  primary  bow,  and  from  the  under  to 
the  upper  fide  of  the  fecondary. 

90.  The  bow  appears  circular,  for  the  eye  is  in 
the  vertex  of  a cone,  in  the  furface  of  which  all 
the  drops  lie  which  render  the  rays  of  any  one 
colour  efficacious. 

The  angle  which  the  fide  of  the  cone  makes  with  the  axis  is  equal 
to  the  angle  under  the  incident  and  emergent  rays  when  efficacious  ; 
this  angle  is  called  the  femidiameter  of  the  bow,  and  may  be  computed, 
by  firft  computing  the  angles  of  incidence  and  refraftion  when  the  rays 
are  efficacious  by  prop.  80.  and  then  prop.  78.  will  give  the  angle.  In. 
the  primary  bow,  the  angles  for  the  leaft'  and  greateft  refrangible  ravs 
are  42°.?/.  and  4o°.i7'.;  and  for  the  fecondary,  they  are  50^.57'.  and 
540. 7'.  The  difference  of  thefe  refpective  angles  would  be  the  breadth 
of  each  bow  if  the  fun  were  a point;  but  as  it  is  not,  the  breadth  will 
be  increafed  by  the  breadth  of  the  fun,  or  32'.  Hence  the  breadth  of 
the  primary  bow  is  2°.i3'.  and  that  of  the  fecondary  3°.  42'.  The  axis 
of  the  cone  is  directed  to  the  fun,  and  hence  the  fun  is  direCtlv  oppofite 
to  the  center  of  the  bow. 

9 1 . The  femidiameter  of  the  bow  is  equal  to 
the  altitude  of  its  higheft  point  added  to  the  alti- 
tude of  the  fun. 

Hence  the  altitude  of  the  higheft  point  is  equal  to  the  femidiarneter 
of  the  bow  diminithed  by  the  altitude  of  the  fun.  The  primary  bow 
therefore  cannot  be  feen  unlefs  the  fan’s  altitude  is  lefs  than  420.2'. 
nor  the  fecondary  unlefs  it  is  lefs  than  54”.  7',  When  the  fun  is  in 
the  horizon  each  bow  appears  a femicircle,  becaufe  the  center  then  lies 
in  the  horizon;  the  bow  therefore  never  can  appear  larger. 

on 
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ON  THE  EYE  AND  VISION. 

9 2.  The  eye  is  formed  of  fevcral  mediums,  which 
have  the  power  of  forming,  upon  optical  princi- 
ples, the  images  of  objects  before  it  upon  the  back- 
part  ; the  formation  of  which,  in  fuch  a fituation, 
is  the  caufe  of  vifion. 

The  eye  is  perfedfly  globular,  except  that  the  fore  part  is  a little 
more  convex  than  the  reft.  It  confifts  of  three  mediums,  or  humours ; 
that  in  the  front  is  a tranfparent  fluid  like  water,  and  is  therefore  called 
the  aqueous  humour;  the  next  is  called  the  ctyjlalline  humour,  and  is  an 
hard  fubftance  like  the  white  of  an  egg  boiled,  and  in  the  form  of  a 
double  convex  lens  having  its  back  furface  of  the  greateft  curvature ; 
the  hindermoft  is  called  the  vitreous  humour,  and  is  fomewhat  like  to 
foft  jelly.  The  whole  globe,  except  the  fore  part,  is  furrounded  by 
three  coats  ; the  outermoft  is  called  the  fclerotica ; the  next  the  choroides, 
and  the  innermoft  the  retina.  The  coat  of  the  more  prominent  part 
before  is  called  the  cornea,  being  like  holm,  and  is  perfectly  tranfparent. 
Adjoining  to  the  choroides,  on  the  front  of  the  eye,  and  in  the  aqueous 
humour,  is  an  opaque  membrane  called  the  uvea,  in  the  middle  of 
which  there  is  a hole,  called  the  pupil,  for  the  admiflion  of  light;  this 
the  eye  has  the  power  of  contracting  or  enlarging  for  the  admiflion  of 
lefs  or  more  light,  as  the  circumftances  of  vifion  may  require.  The 
cryftalline  humour  is  lufpended  by  a muicle,  called  the  procejjus  ciliares, 
and  fometimes  the  ligament um  ciliare.  The  feveral  coats  and  furfaces 
of  the  humours  are  l'o  fltuated  as  to  have  one  ftraight  line,  called  the 
axis  of  the  eye,  perpendicular  to  them  all.  At  the  bottom  of  the  eye, 
a little  towards  the  nofe,  there  is  a nerve  which  goes  to  the  brain, 
called  the  optic  nerve.  This  is  a continuation  of  the  retina.  The 
nerves  from  eacli  eye  meet  before  they  come  to  the  brain. 

Now  the  refractive  powers  of  the  aqueous  and  vitreous  humours  have 
been  found  by  experiment  to  be  about  the  fame  as  common  water,  and 
that  of  the  cryftalline  is  a little  greater:  that  is,  the  fine  of  incidence 
to  refraftion  out  of  air  into  the  aqueous  humour  is  as  4 : 3,  out  of  the 
aqueous  into  the  cryftalline  as  13  : 12,  and  out  of  the  cryftalline  into 
the  vitreous  as  12  : 13.  Hence  the  aqueous  and  the  vitrious  humours 
being  fuppoied  to  have  the  fame  refradlive  power,  may  be  conceived 
to  form  one  medium  in  which  the  cryftalline  humour  is  fltuated;  the 
rays  are  therefore  firft  refrafted  at  the  cornea  into  this  medium  and  are 
made  to  converge;  and  then  falling  upon  the  cryftalline  humour,  or 
convex  lens,  are  made  to  converge  more,  and  come  to  a focus  at  the 
bottom  of  the  eye;  the  whole  may  therefore  be  confidcred  as  a kind  of 
compound  lens.  That  the  pidlures  of  all  objects  are  formed  upon  the 
bottom  of  the  eye  appears  from  hence,  that  if  the  fclerotica  at  the 
bottom  of  the  eye  be  taken  off,  the  pidhircs  of  the  objefts  before  tho 
eve  will  appear  on  the  bottom. 

A table' 
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A table  of  the  dimenfions  of  the  human  eye  at  a medium. 

in. 

Diameter  from  the  cornea  to  the  choroides  - ,95 

Radius  of  the  cornea  - - - - ,33$ 

Diftance  of  the  cornea  from  the  firft  furfacc  of  the  cryftalline  ,106 
Radius  of  the  firft  furface  of  the  cryftalline  - - ,331 

Radius  of  the  back  furface  of  the  cryftalline  - - ,25 

Thicknefs  of  the  cryftalline  - - - ,3  73 


93.  Having  given  the  focus  of  incidence  of  rays 
upon  the  eye,  the  refraction  of  the  mediums,  and 
the  radii  of  the  cornea  and  each  furface  of  the 
cryftalline  humour,  the  focus  after  refraction  may 
be  found. 

For  the  focus  of  rays  refradled  at  the  cornea  may  be  found  by  prop. 
38.  and  that  focus  is  the  focus  of  rays  upon  the  cryftalline  lens;  hence 
by  prop.  44.  the  focus  after  refradlion  by  the  lens  may  be  found. 

If  vdion  arife  from  the  formation  of  the  image  upon  the  retina,  or, 
as  fome  imagine,  upon  the  choroides,  it  is  manifeft  that  a different 
conformation  of  the  eye  is  neceftary  for  diftindl  vifion  at  different  dif- 
tances.  Some  think  it  is  a change  in  the  length  of  the  eye;  others  a 
change  in  the  figure  or  pofition  of  the  cryftalline  humour;  others  that 
it  is  a change  in  the  cornea.  Any  of  thefe  changes  would  produce 
the  effedt,  and  fufhcient  experiments  have  not  yet  been  made  to  deter- 
mine with  certainty  which  is  the  true  opinion.  As  the  rays  fuffer  a 
greater  refradtion  at  the  cornea,  than  they  do  afterwards,  it  is  manifeft 
that  a lefs  change  in  the  radius  of  the  cornea  will  effedl  the  bufinefs, 
than  will  fuffice  in  any  other  part  of  the  eye, 

94.  A long  fighted  perfon  muft  ufe  a convex 
lens  to  fee  a near  object  diflinClly;  and  a fhort 
fighted  perfon  muft  ufe  a concave  lens  to  fee  a dis- 
tant object  diftinCtly. 

A long  fighted  perfon  has  either  the  cornea  or  cryftalline  humour, 
or  both,  too  fiat , and  therefore  the  image  of  a near  objedt  woujd  be 
formed  beyond  the  bottom  of  the  eye;  this  may  be  corredied  by  a con- 
vex lens,  which  makes  rays  converge  more,  and  thereby  form  the  image 
on  the  bottom  of  the  eye.  But  a fhort  fighted  perfon  has  them  too 
fipherical,  and  therefore  the  image  is  formed  before  the  rays  come  to 
the  bottom  of  the  eye;  to  corredt  this,  and  form  the -image  on  the  bot- 
tom, a concave  lens  muft  be  ufed,  which  makes  rays  diverge.  If  m be 
the  diftance  at  which  either  perfon  can  fee  diftindtly  w ith  the  naked 
$ye,  and  n the  diftance  at  which  he  wants  to  fee  with  the  glafs,  then 

is  the  f°cal  length  of  the  glafs.  Thofe  who  ufe  glaftes  ihould 

have 
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have  them  as  accurately  as  pollible  adapted  to  the  eye,  otherwife  they 
will  (train  the  eye.  It  is  a common  opinion  that  looking  through 
glaiics  is  detrimental  to  the  eye;  but  this  is  fo  far  from  being  true, 
that,  to  preserve  tiie  eye,  thofe  who  want  them  ought  to  ufe  them,  other- 
wife  the  eye  will  continually  be  fubjed  to  be  drained  by  endeavouring 
to  fee  objeds  dillindly.  Alfo  opticians,  who  are  continually  examining 
telelcopes,  find  no  inconvenience  from  it. 

95.  The  vibrations  communicated  by  the  optic 
nerve  to  the  brain,  from  the  impulfes  of  the  rays 
of  light  upon  the  bottom  of  the  eye,  are  fuppofed 
to  caufe  the  fenfe  of  feeing. 

This  is  the  opinion  of  Sir  I.  Newton.  He  fuppofes  alfo  that  the 
feverai  forts  of  rays  make  different  vibrations,  which  accordingly  excite 
•fenfations  of  different  colours,  much  after  the  fame  manner  that  diffe- 
rent vibrations  of  air  excite  fenfations  of  different  founds.  The  flafhes 
of  light  ning  fometimes  perceived  by  a blow  upon  the  eye,  or  the  co- 
lours from  prefling  the  eye  Tideways,  are  probably  owing  to  the  fame 
Jtind  of  vibrations  being  excited,  as  by  the  impreffions  of  light.  Such 
pinenomena  as  thefe  tend  to  confirm  the  hypothecs,  that  vifion  is  caufed 
by  feme  motion  excited  in  the  optic  nerve,  by  the  impulfe  of  light. 
The  ideas  we  have  from  the  impreffions  of  light  remain  for  a fmall 
time,  as  is  manifeif  from  the  phamomenon  of  a burning  coal  appearing 
like  a ring  of  fire,  when  whirled  fwiftly  round.  The  ftronger  the 
light  is  the  longer  the  fenfation  remains,  as  appears  from  looking  at  the 
fun,  in  which  cafe  the  fenfation  will  continue  foine  miuutes.  Ail 
thefe  circumftances  render  it  very  probable  that  the  fenfation  arifes 
from  a vibrating  motion. 

Sir  I.  Newton  fuppofes  that  every  point  of  the  retina  of  one  eye, 
hath  its  correfponding  point  on  the  other;  from  which  two  (lender 
pipes  filled  with  a liquid  go  along  the  optic  nerve,  and  meeting  before 
they  conic  to  the  brain,  their  joint  effect  produce  but  one  fenfation. 
Hence  if  an  eye  be  diitorted,  objects  appear  double,  becaufe  corre- 
fponding points  of  the  image  do  not  fill  upon  thefe  correfponding 
points  of  the  retina.  When  we  look  diredly  at  an  objed,  the  axis  of 
both  our  eyes  are  direded  to  it,  and  the  correfponding  points  of  each 
image  agree  with  thofe  of  the  retina,  and  the  objed  therefore  appears 
fingle;  bot  at  the  fame  time  any  other  objed  in  the  fame  line  either 
nearer  or  further  off  appears  double,  becaufe  correfponding  points  of 
each  image  do  not,  in  this  cafe,  fall  on  thofe  of  the  retina.  If  you  firnt 
one  eye,  the  objed  not  looked  at  diredly  then  appears  fingle.  In  a 
matter  however  of  fo  much  uncertainty,  it  is  no  wonder  that  different 
authors  have  invented  different  hypothefes. 

When  the  image  of  an  objed  falls  upon  the  optic  nerve,  the  objed. 
becomes  inviiible  to  that  eye.  Hence  an  objed  cannot  become  invifi- 
ble  to  both  eyes  at  the  fame  time,  becaufe  the  image  cannot  fall  upon, 
the  optic  nerve  of  each  eye  at  the  fame  time.  An  objed  feen  with, 
both  eyes  appears  about  Tf  or  brighter  than  with  one  eye. 

Tfc 


OPTICS. 


IJ3 

The  angle  fubtended  by  the  leaft  vifible  object  cannot  be  very  ac- 
curately afcertained,  as  it  depends  upon  the  colour  of  the  objed,  and 
the  ground  upon  which  it  may  be  feen;  it  depends  alfo  upon  the  eye. 
Mr.  Harris  thinks  the  leaft  angle  for  any  objed  to  be  about  40"; 
and  at  a medium  about  2'. 

To  the  generality  of  eyes  the  neareft  diftance  of  diftind  vifion  is 
about  7 or  8 inches.  Hence  if  we  affume  7 inches  fpr  that  diftance, 
and  2 minutes  for  the  leaft  vifible  angle,  a globular  objed  of  lefs  than 
about  th  part  of  an  inch  cannot  be  feen.  See  Harris’s  Optics 
upon  thefe  fubjeds.  < 

96.  The  eye,  as  to  fenfe,  corredts  the  different 
refrangibility  of  the  rays  of  light. 

For  objeds  feen  by  the  naked  eye  are  not  tinged  with  the  prifmatic 
colours.  Euler  fuppofed  the  eye  to  be  perfedly  achromatic.  Dr. 
Maskelyne  in  the  Phil.  Tran/.  1789,  has  examined  this  point,  and 
taking  the  dimenfions  of  the  eye  from  Mr.  Petit,  and  the  refradive 
powers  of  the  different  mediums  from  Mr.  Hauksbee,  has  computed 
the  diameter  of  the  circle  of  aberration  upon  the  retina,  and  found  it 
to  be  ,002667  an  inch>  a quantity  too  fmall  to  be  perceived.  He 
thinks  fome  fuch  an  angle  of  aberration  as  this  is  neceflary  in  order  to 
account  for  the  fenfible  diameters  of  fome  of  the  fixed  liars. 
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DEFINITIONS. 

i.  A GREJT  clrclc  of  a fphere  is  that  whofe  plane  paffes  through 
its  center;  and  a fjnall  circle  is  that  whofe  plane  does  not  pafs 
through  its  center. 

2.  A diameter  of  a fphere  perpendicular  to  any  great  circle,  is  called 
the  axis  of  that  circle,  and  the  extremeties  of  the  diameter,  are  called 
its  poles. 

Hence  the  pole  of  a great  circle  is  90°  from  every  point  of  it  upon 
the  furface  of  the  fphere;  but  as  the  axis  is  perpendicular  to  the  circle 
when  it  is  perpendicular  to  any  two  radii,  therefore  a point  on  the  fur- 
face  of  a fphere  90'.  diitant  from  any  two  points  of  a great  circle  will 
be  the  pole. 

3.  All  angular  diltances  on  the  furface  of  a fphere  to  an  eye  at  the 
center,  are  meafured  by  the  arcs  of  great  circles;  for  then  being  arcs 
to  equal  radii,  they  will  be  as  the  angles. 

Hence  all  triangles  formed  upon  the  furface  of  a fphere  for  the  fo- 
lution  of  fpherical  problems,  mult  be  formed  by  the  arcs  of  great  circles. 
. 4.  All  great  circles  mult  bifedt  each  other;  for  palling  through  the 
center  of  the  fphere  their  common  fedtion  mult  be  a diameter,  which 
bifedts  all  circlfes. 

Secondaries  to  a great  circle  are  great  circles  which  pafs  through 
its  poles. 

Cor.  1 . Hence  fecondaries  mult  be  perpendicular  to  their  great  circle ; 
for  if  one  line  be  perpendicular  to  a plane,  any  plane  palling  through 
that  line  will  alfo  be  perpendicular  to  it;  hence  as  the  axis  of  the  great 
circle  is  perpendicular  to  it,  and  is  the  common  diameter  to  all  the 
fecondaries,  they  mult  all  be  perpendicular  to  the  great  circle.  Hence 
alfo  every  fecondary  mult  bifedt  its  great  circle,  and  every  fmall  circle 
parallel  to  it;  for  the  plane  of  the  fecondary  palfes  through  not  only 
the  center  of  the  great  circle,  but  alfo  of  the  fmall  circles  parallel  to  it. 

Cor.  2.  Hence  a great  circle  palling  through  the  poles  of  two  great 
circles,  mult  be  perpendicular  to  each;  and,  vice  versa,  a great  circle 
perpendicular  to  two  other  great  circles  mult  pafs  through  their  poles. 

6.  A circle  appears  a Itraight  line  to  an  eye  in  its  plane;  hence 
in  the  reprefentation  of  the  furface  of  a fphere  upon  a plane,  thofe 
circles  whole  planes  pafs  through  the  eye  are  reprefented  by  Itraight 
lines. . 
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7*  The  angle  formed  by  two  great  circles  on  the  furface  of  a fphere 
is  equal  to  the  angle  formed  by  the  planes  of  the  circles ; and  is  mea- 
fured  by  the  arc  of  a great  circle  intercepted  between  them  defcribed 
about  the  ihterfedlion  of  the  circles  as  a pole. 

For  let  C (fig.  7.)  be  the  center  of  the  fphere,  PQE,  PRE  two  great 
circles;  draw  the  tangents  Px,  Pz,  then  the  angle  xPz  — the  angle 
formed  by  the  two  circles;  and  as  thefe  tangents  are  perpendicular  to 
the  common  interfe&ion  PCE,  the  angle  between  them  is  equal  to  the 
angle  between  the  planes,  by  Eu.  B.  1 1.  def.  6.  Now  draw  Cd>,  CR 
perpendicular  to  PCE ; then  the  angle  QCR  is  the  angle  between  the 
planes,  and  therefore  equal  to  the  angle  formed  by  the  two  circles, 
and  this  angle  is  meafured  by  the  arc  £>R  of  a great  circle,  which  arc 
has  for  its  pole  the  point  P by  def.  2.  becaufe  Pd>,  PR  are  each  90°. 

8.  If  at  the  interfedlion  of  two  great  circles  as  a pole,  a great  circle 
be  defcribed,  and  alfo  a fmall  circle  parallel  to  it;  the  arcs  of  the  great 
and  fmall  circles  intercepted  between  the  two  great  circles  contain  the 
fame  number  of  degrees. 

For  draw  AB,  AD  perpendicular  to  PCE,  then  as  AB,  AD  are  pa- 
rallel to  CS>,  CR,  the  plane  ABD  is  parallel  to  the  plane  QCR,  and 
therefore  the  fmall  circle  BD  of  which  A is  the  center  is  parallel  to  the 
great  circle  QR;  and  as  each  angle  BAD,  S^CR,  meafures  the  incli- 
nation of  the  planes  they  muft  be  equal,  and  confequently  the  arcs  BD, 
£>R  contain  the  fame  number  of  degrees.  Hence  the  arc  of  fuch  a 
fmall  circle  meafures  the  angle  at  the  pole  between  the  two  great  circles. 
Alfo  2>R  : BD  ::  2>C  : BA  ::  radius  : cof.  BQ 

Cor.  Hence  £BR  is  the  greateft  diftance  between  the  two  circles; 
and  if  from  R,  a point  90°.  from  P,  a great  circle  !^R  be  drawn  per- 
pendicular to  PE>,  the  arc  RQjs  the  meafure  of  the  angle  at  P. 

9.  The  axis  of  the  earth  is  that  diameter  about  which  it  performs 
its  diurnal  motion ; and  the  extremities  of  this  diameter,  are  called  its 
poles. 

10.  The  terreftrial  equator  is  a great  circle  of  the  earth  perpendicu- 
lar to  its  axis.  Hence  the  axis  and  poles  of  the  earth  are  the  axis 
and  poles  of  its  equator.  That  half  of  the  earth  which  lies  on  the  fide 
of  the  equator  which  we  inhabit,  is  called  north,  and  the  other  fonth  j 
and  the  poles,  are  called  the  north  and  fouth  poles. 

1 1.  The  latitude  of  a place  on  the  earth’s  furface,  is  an  arc  meafured 
from  the  equator  upon  a fecondary  to  it. 

12.  The  longitude  of  a place  on  the  earth’s  furface,  is  the  arc  upon 
the  equator  between  a fecondary  to  it  palling  through  the  place, 
and  another  fecondary  palfing  through  any  other  place  from  which 
you  begin  to  meafure. 

13.  If  the  plane  of  the  terreftrial  equator  be  produced  to  the  fphere 
of  the  fixed  ftars,  it  marks  out  a circle,  called  the  celejlial  equator-,  and 
if  the  axis  of  the  earth  be  produced  in  like  manner,  the  points  in  the 
heavens  to  which  it  is  produced,  are  called  poles,  being  the  poles  of 
the  celeftial  equator.  The  ftar  neareft  to  each  pole,  is  called  the  pole 
liar. 

14.  Secondaries  to  the  celeftial  equator,  are  called  circles  of  decli- 
nation; becaufe  the  declination  of  an  heavenly  body  is  its  angular  dif- 

P 2 tance 


ASTRONOM  Y. 


I ]6 

tance  from  the  equator  meafured  upon  a fecondary  to  it.  Of  thcfe,  24, 
which  divide  the  equator  into  equal  parts,  each  containing  150,  are 
called  fiour  circles. 

15.  Small  circles  parallel  to  the  equator,  are  called  parallels  of  de- 
clination. 

16.  The fenfble  horizon,  is  that  circle  in  the  heavens  which  bounds 
the  fpcdator’s  view.  The  rational  horizon,  is  a great  circle  in  the  hea- 
vens palling  through  the  earth’s  center  parallel  to  the  fenfible  horizon. 

17.  If  the  radius  of  the  earth  to  the  place  where  the  fpeflator  Hands 
be  produced  both  ways  to  the  heavens,  that  point  vertical  tp  him,  is 
called  the  zenith , and  the  oppofite  point  the  nadir. 

Hence  the  zenith  and  nadir  are  the  poles  of  the  rational  horizon. 

18.  Secondaries  to  the  horizon,  are  called  vertical  circles,  becaufe 
they  are  perpendicular  to  the  horizon,  by  def.  5.  cor.  1.;  on  thefe  circles 
therefore  the  altitude  of  an  heavenly  body  may  be  meafured. 

19.  A fecor.dary  common  to  the  equator  and  horizon,  and  which 
therefore  palfes  through  the  poles  of  each,  by  def.  5.  cor.  2.  is  called 
the  meridian. 

20.  The  meridian  of  any  place  divides  the  heavens  into  two  hemi- 
fpheres,  one  of  which  is  called  the  eajlern,  and  the  other  the  nxsejlern 
hemifphere. 

21.  To  a fpettator  on  the  north  fide  of  the  equator,  that  direction 
which  palfes  through  the  north  pole,  is  called  north,  and  the  oppofite 
direction  fouth ; hence  the  meridian  which  palfes  through  the  zenith  of 
the  fpeftator  and  through  the  poles,  mull  cut  the  horizon  in  the  north 
and  fouth  points. 

22.  A vertical  circle  which  cuts  the  meridian  of  any  place  at  right 
angles,  is  called  the  prime  vertical ; and  the  points  where  it  cuts  the 
horizon,  are  called  the  eaf  and  nvefl  points. 

Hence  the  eaft  and  well  points  are  90°.  dilfant  from  the  north  and 
fouth.  Thefe  four,  arc  called  the  cardinal  points. 

23.  The  azimuth  of  an  heavenly  body  is  its  diftance  on  the  horizon, 
when  referred  to  it  by  a fecondary,  from  the  north  or  fouth  points. 
The  amplitude  is  its  diftance  from  the  call  or  weft. 

24.  Small  circles  parallel  to  the  horizon  are  called  almicanthars. 

25.  The  ecliptic  is  that  great  circle  in  the  heavens,  which  the  fun 
appears  to  deferibe  in  the  courfe  of  a year. 

26.  The  ecliptic  and  equator  being  great  circles,  the  points  where 
they  bifeCt  each  other  are  called  the  equinoctial  points. 

27.  The  ecliptic  is  divided  into  12  equal  parts,  called  figns  \ Aries 
V , Taurus  ft,  Gemini  II,  Cancer  <$, , Leo  51 » Virgo  Libra 
Scorpio  n\,  Sagittarius  £ , Capricornus  Vf,  Aquarius,  xx,  Lifces  >{ . 
The  order  of  thefe  is  according  to  the  motion  of  the  fun.  The  lirft 
point  of  Aries  coincides  with  one  of  the  equinoctial  points,  and  the 
iirft  point  of  Libra  with  the  other. 

' 28.  The  motion  of  the  heavenly  bodies  according  to  the  order  of 
the  figns,  is  called  direct , or  in  ccnfequentia ; and  the  motion  in  the  con- 
trary direction,  is  called  retrograde , or  in  antecedentia. 

The  real  motion  of  all  the  planets  is  according  to  the  order  of  the 
figns,  but  their  apparent  motion  is  fometimes.in  a contrary  direction. 

' 29.  The 
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29.  The  right  afenfon  of  a body  is  an  arc  of  the  equator  between 
the  firft  point  of  Aries,  and  a declination  circle  paffing  through  the 
body,  meafured  according  to  the  order  of  the  figns. 

30.  The  oblique  afcenjion , is  the  diftance  from  the  firft  point  of  Aries, 
to  that  point  of  the  equator  which  riles  with  any  body,  meafured  ac- 
cording to  the  order  of  the  figns. 

3 1 . The  afcenjional  difference , is  the  difference  between  the  right  and 
oblique  afcenlion. 

32.  The  longitude  of  an  heavenly  body,  is  an  arc  of  the  ecliptic  be- 
tween the  firft  point  of  Aries,  and  a fecondary  to  the  ecliptic  paffing 
through  the  body,  meafured  according  to  the  order  of  the  figns. 

33.  The  latitude  of  an  heavenly  body,  is  its  angular  diftance  from 
the  ecliptic,  meafured  upon  a fecondary  to  it  drawn  through  the  body. 
If  that  angle  be  feen  from  the  earth,  it  is  called  the  geocentric  latitude, 
but  as  feen  from  the  fun,  it  is  called  the  heliocentric  latitude. 

34.  The  equinotlial  colure,  is  a fecondary  to  the  equator  paffing 
through  the  equinodlial  points:  the  foljlitial  colure,  is  a fecondary  com- 
mon to  the  ecliptic  and  equator.  Hence  thefolftitial  colure  palfes  through 
the  poles  of  the  equator  and  ecliptic,  by  def.  5. 

35.  The  tropics  are  two  parallels  of  declination  touching  the  ecliptic. 
One  touching  it  at  the  beginning  of  Cancer,  is  called  the  tropic  of 
Cancer;  and  the  other  touching  it  at  the  beginning  of  Capricorn,  is 
called  the  tropic  of  Capricorn. 

36.  The  ardlic  and  antardlic  circles  are  two  parallels  of  declination, 
the  diftance  of  which  from  the  two  poles,  is  equal  to  the  diftance  of 
the  tropics  from  the  equator. 

37.  A body  is  in  conjundlion  with  the  fun  when  it  has  the  fa?ne  lon- 
gitude; and  in  oppojition,  when  the  difference  of  their  longitudes  is 
180°.  The  conjunction  is  marked  thus  <$  , and  the  oppofition  thus  § . 

38.  The  elongation  of  a body  is  its  angular  diftance  from  the  fun 
feen  from  the  earth. 

39.  The  diurnal  parallax  is  the  difference  between  the  apparent 
places  of  the  bodies  in  our  fyftem  when  referred  to  the  fixed  ftars,  feen 
from  the  center  and  furface  of  the  earth. 

40.  The  argument,  is  a term  ufed  to  denote  any  quantity,  by  which 
another  required  quantity  may  be  found.  For  example,  the  argument 
of  that  part  of  the  equation  of  time,  which  arifes  from  the  unequal  an- 
gular motion  of  the  earth  in  her  orbit  about  the  fun,  is  the  fun’s  ano- 
maly, becaufe  the  equation  depends  entirely  upon  the  anomaly,  and 
the  latter  being  given,  the  former  is  immediately  found.  The  argu- 
ment of  a planet’s  latitude  is  its  diftance  from  the  node,  becaufe  upon 
this  the  latitude  depends. 

41 . The  nodes,  are  the  points  where  the  orbits  of  the  primary  planets 
cut  the  ecliptic,  and  where  the  orbits  of  the  fecondaries  cut  the  orbits 
cf  their  primaries.  That  node  is  called  afeending  where  the  planet  pafs 
from  the  fouth  to  the  north  fide  of  the  ecliptic;  and  the  other  is  called 
the  defending  node.  The  afeending  node  is  marked  thus  Q,  and  the 
defeending  thus  <3. 

42.  The  angle  of  commutation,  is  the  angle  at  a planet  formed  by 
two  lines  one  drawn  to  the  earth  and  the  other  to  the  fun;  hence  this 
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angle  is  the  difference  of  the  places  of  the  planet  feen  from  the  earth 
and  fun.  . 

43.  The  angle  of pofition,  is  the  angle  at  an  heavenly  body  formed 
by  two  great  circles,  one  palfing  through  the  pole  of  the  equator,  and 
the  other  the  pole  of  the  ecliptic. 

Characters  ufed  for  the  Sun,  Moon,  Planets : the  Sun  0 ; the  Moon 
<J  ; Mercury  $ > Venus  9 ; the  Earth  ©;  Mars  £ ; Jupiter  1/.  ; 
Saturn  I;  ; the  Georgium  Sidus  HL. 


ON  THE  APPARENT  MOTIONS  OF  THE  HEAVENLY 
BODIES,  THE  DOCTRINE  OF  THE  SPHERE,  AND 
PRINCIPLES  OF  DIALLING. 

1.  The  fun  appears  to  defcribe  the  ecliptic  in 
365^.  6h.  9'.  1 o",37  j in  which  time  it  is  found 
to  be  only  twice  in  the  equator.  This  is  called  a 
fdereal  year. 

Cor.  Hence  the  ecliptic  is  inclined  to  the  equator. 

The  time  the  fun  defcribes  the  ecliptic  is  found  by  taking  the  diffe- 
rence between  its  longitude  and  that  of  any  fixed  liar,  and  then  ob- 
ferving  when  that  difference  becomes  the  fame  again ; and  the  interval 
of  thole  times  gives  the  time  in  which  the  fun  appears  to  make  a com- 
plete revolution  in  the  heavens.  If  360°  be  divided  by  365^.  6 h.  g'. 
io"',37  i*-  giyes  59'-8",  the  fpace  the  fun  ‘would  defcribe  in  one  day 
if  all  the  days  were  of  the  fame  length,  or  the  fpace  deferibed  in  a 
mean  folar  day.  Let  a clock  be  adjufted  to  go  24  hours  in  a mean  fo- 
lar  day;  then  as  the  mean  increafe  of  the  fun’s  right  afcenfion  in  24 
hours  is  39'.  8".  the  earth  in  a mean  folar  day  muft  defcribe  about  its 
axis  360°.  59'.  8A;  but  when  the  earth  has  deferibed  360°.  the  fame 
fixed  liar  returns  to  the  meridian;  hence  360°.  59'.  8".  : 360°.  ::  24/;. 
: 23//.  56'.  4".  the  length  of  a Jtdereal  day  in  mean  folar  time. 

The  interval  of  time  from  the  fun’s  leaving  the  firfl  point  of  Aries, 
till  his  return  to  it,  is  36  ^d.  3//.  48  .48".  This  is  called  a tropical  year. 

The  return  of  the  fun  to  the  firfl  point  of  Aries,  before  it  has  com- 
pleted its  revolution  amongll  the  fixed  liars,  fhows  that  the  interfeftion 
of  the  equator  with  the  ecliptic  has  a retrograde  motion,  called  the 
precejjlon  of  the  equinoxes.  By  comparing  the  place  of  the  firfl  point  of 
Aries  as  obferved  by  the  antient  altronomers  with  its  prefent  fituation, 
it  appears  that  its  motion  in  100  years,  is  i°.  23'.  40". 

2.  All  the  heavenly  bodies  appear  daily  to  de- 
feribe  circles,  coincident  with,  or  parallel  to,  the 
equator. 

This  is  a confequence  of  the  earth’s  rotation  about  its  axis. 
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The  motions  of  all  the  bodies  in  our  fyftem  are  referred  to  the  fixed 
liars,  whofe  relative  fituations  not  being  altered  by  our  own  motion, 
they  are  conceived  as  placed  in  the  concave  furface  of  a fphere  having 
the  eye  in  the  center. 

3.  Thofe  bodies  which  are  on  the  fame  fide  of 
the  equator  with  the  fpectator,  continue  longer 
above  the  horizon  than  below ; thofe  on  the  con- 
trary fide  continue  longeft  below. 

Hence  when  the  fun  is  on  the  fame  fide  of  the  equator  with  the  fpec- 
tator,  the  days  are  longer  than  the  nights;  when  on  the  contrary  fide, 
the  nights  are  longeft.  Hence  the  variety  of  feafons  arifes  from  the 
inclination  of  the  ecliptic  to  the  equator. 

As  the  orbits  of  the  moon  and  planets  are  alfo  inclined  to  the  equa- 
tor, a variation  of  the  times  of  their  continuance  above  and  below  the 
horizon  will  alfo  take  place. 

4.  If  a fpe&ator  be  in  the  equator,  all  the  hea- 
venly bodies  continue  as  long  above  the  horizon 
as  below. 

Hence  to  a fpeflator  at  the  equator  the  days  are  always  12  A long. 

5.  If  a fpedlator  be  at  the  pole,  all  the  fixed  flars 
appear  to  defcribe  circles  parallel  to  the  horizon, 
the  equator  now  coinciding  with  the  horizon  5 
therefore  they  never  rife  and  fet. 

6.  To  a fpedtator  at  the  pole,  the  fun  appears 
above  the  horizon  all  the  time  he  is  on  the  fame 
fide  of  the  equator  with  the  fpedtator ; and  below 
the  horizon  all  the  time  he  is  on  the  contrary  fide. 

Hence  to  a fpe&ator  at  the  pole,  there  is  half  a year  day,  and  half 
a year  night. 

7.  In  north  latitude,  thofe  bodies  which  have 
north  declination  rife  between  the  eaft  and  north  j 
and  thofe  which  have  fouth  declination  rife  be- 
tween the  eaft  and  fouth. 
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8.  The  altitude  of  the  pole  above  the  horizon 
is  equal  to  the  latitude  of  the  place. 

If  in  Iat.  45°.  a fpeCtator  travel  69,2.  miles  upon  the  meridian  to- 
wards the  north,  the  pole  will  be  1 °.  higher.  Hence,  fuppofmg  the 
earth  to  be  a fphere,  its  circumference  would  be  24912  miles,  and  ra- 
dius 3964:  but  the  figure  of  the  earth  is  a fpheroid,  whofe  polar  dia- 
meter : the  equatorial ::  229  : 230,  according  to  Sir  I.  Newton. 

9.  The  latitude  of  a place  may  be  found  by  ob- 
ferving  the  greateft  and  leaft  altitude  of  a circum- 
polar ftar,  corrected  for  refraction,  and  taking  half 
their  fum. 

10.  All  thofe  ftars  which  are  not  further  from 
the  pole  than  the  latitude  of  the  place,  never  fet. 

Thefe  are  called  circumpolar  ftars; 

1 1 . If  the  declination  of  a fixed  ftar  be  known, 
the  fum  or  difference  of  its  meridian  altitude  and 
its  declination,  according  as  the  ftar  is  on  the  con- 
trary or  fame  fide  of  the  equator  with  the  fpec- 
tator,  will  give  the  latitude  of  the  place. 

12.  The  altitude  of  that  point  of  the  equator 
which  is  upon  the  meridian,  or  the  inclination  of 
the  equator  to  the  horizon,  is  equal  to  the  com- 
plement of  the  latitude. 

1 3 . The  greateft  declination  of  the  fun  is  equal 
to  the  inclination  of  the  ecliptic  to  the  equator. 

14.  The  inclination  of  the  equator  to  the 
ecliptic,  is  equal  to  half  the  difference  between  the 
fun’s  meridian  altitudes  on  the  longeft  and  fhorteft 
days. 

The  inclination  at  this  time  is  about  23°.  28'.;  but  it  keeps  gradually 
diminifhing  at  the  rate  of  about  in  a year.  This  arifes  from  the 
variation  ot  the  ecliptic,  which  is  owing  to  the  attraction  of  the  planets 
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upon  the  earth,  by  which  the  plane  of  its  orbit  is  continually  varying. 
The  whole  variation  however  can  never  exceed  much  more  "than  a de- 
gree. It  will  decreaie  for  a confiderable  time,  and  then  increafe  a°-ain. 

£> 

15.  The  angle  a contained  between  the  meri- 
dian of  any  place,  and  the  circle  of  declination 
palling  through  the  fun,  turned  into  time  at  the 
rate  of  150  for  an  hour,  gives  the  time  from  ap- 
parent noon. 

This  is  not  accurate,  becaufe  the  folar  days  are  not  all  equal  to  24 
hours,  but  to  24/1. =£<?  the  variation  of  the  equation  of  time  for  that  day, 
according  as  the  equation  is  increafing  or  decreasing:  hence  to  get  the 
time  more  accurately,  fay,  360°  : a°  ::  24 h.  =te  : the  time.  The  time 
is  here  liippofed  to  be  mean  folar  time,  meafured  by  a clock  which 
goes  24  hours  in  a mean  folar  day.  This  quantity  e is  fometimes  30  ', 
and  therefore  if  a0  — 6o°  the  correflion  is  5".  If  extreme  accuracy 
were  alfo  required,  the  change  of  declination  mud:  alfo  be  confidered, 
which  in  the  moon  may  be  confiderable. 

If  Z (fig.  8.)  be  the  zenith  of  any  place,  P the  pole,  S the  fun;  and 
thefe  points  be  joined  by  the  arcs  of  three  great  circles,  then  ZS,  ZP, 
PS,  are  the  complements  of  the  fun’s  altitude,  of  the  latitude  and  of 
the  fun’s  declination  refpettively ; alfo  the  angle  ZPS  is  the  meafure  of 
the  time  from  apparent  noon,  and  SZP  is  the  azimuth  from  the  north. 

16.  Given  the  latitude  of  the  place,  the  fun’s 
altitude  and  declination,  to  find  the  hour  and  azi- 
muth. 

By  fpherical  trig.  fin.  SP  X fin.  ZP  : rad.1  ::  fin.  x 5Z  + SP—PZ 

X fin.  | X SZ  + PZ—SP  : fin.  { ZPS ",  hence  ZPS  is  known,  which 
converted  into  time  at  the  rate  of  1 5°  for  an  hour,  gives  the  time  from 

apparent  noon.  Alfo  fin.  SZ  x fin.  ZP : rad.1 ::  fin.  { x SP  -f  SZ—ZP 

X fin.  ‘ X SP+ZP—SZ  : fin.  i SZP  , hence  the  azimuth  SZP  from 
the  north  is  known. 

17.  Given  the  latitude  of  a place,  the  altitude, 
right  afcenfion  and  declination  of  a fixed  flar,  to 
find  the  time. 

See  my  Praflical  dfironomy,  pag.  33,  where  the  reader  will  find  the 
rule  with  an  example;  alfo  an  example  to  find  the  time  by  the  fun. 
Thefe  are  the  methods  ufually  praflifed  at  fea  for  finding  the  time. 

18.  Given 
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1 8.  Given  the  latitude  and  fun’s  declination,  Iq 
find  its  altitude  on  the  prime  vertical,  and  the  time. 

In  this  cafe  the  angle  Z is  a right  one;  hence  cof.  ZP  : rad.  ::  cof. 
SP  : cof.  ZS,  or,  fin.  lat.  : rad.  ::  fin.  dec.  : fin.  of  the  altitude.  Alfo 
rad.  : cot.  PS  ::  tan.  PZ  : cof.  ZPS,  or  rad.  : tan.  dec.  ::  cot.  lat.  : 
col.  ZPS,  which  converted  into  time,  gives  the  time  from  apparent 
noon. 

19.  Given  the  latitude  and  fun’s  declination,  to 
find  the  altitude  at  6 o’clock. 

Here  the  angle  ZPS  is  a right  one;  hence  rad.  : cof.  ZP  ::  cof.  PS 
: cof.  ZS,  or  rad.  : lin.  lat.  ::  fin.  dec.  : fin.  of  the  altitude. 

20.  Given  the  latitude  and  fun’s  declination,  to 
find  the  time  of  its  rifing,  and  azimuth  at  that  time. 

When  one  fide  of  a fpherical  triangle  — go0,  the  triangle  may  be 
folved  by  the  circular  parts,  juft  as  when  one  angle  is  a right  one,  by 
taking  the  angles  adjacent  to  the  fide  of  go0  and  the  complements  of 
the  other  three  parts  for  the  circular  parts ; for  if  we  conceive  the  fup- 
plemental  triangle  to  be  taken,  it  will  have  a right  angle,  and  the  fine, 
cofine  and  tangent  of  any  arc  is  the  fame  as  of  the  fupplement,  regard 
not  being  had  to  the  figns  of  the  two  latter,  which  is  here  of  no  con- 
sequence. This  circumftance  is  not,  that  I know  of,  taken  notice  of 
by  any  writers  on  fpherical  trigonometry.  Hence,  as  ZS— go0  in  this 
cafe,  rad  : cot.  SP  ::  cot.  ZP  : cof.  ZPS,  or  rad.  : tan.  dec.  ::  tan.  lat. 

: cof.  of  the  hour  angle  from  apparent  noon.  This  fuppofes  that  the 
body  is  npon  the  rational  horizon  at  the  inftant  it  appears;  but  upon 
account  of  refra&ion,  bodies  in  the  horizon  appear  33'  higher  than 
their  true  places;  hence  they  become  vifibfe  when  they  are  33'  below 
the  horizon.  Alfo  bodies  in  our  fyftem  are  deprefted  by  parallax; 
hence  when  fuch  bodies  firft  appear,  ZS  — go°-f  33'  — hor.  par.  Alfo 
fin.  ZP  : rad.  ::  cof.  SP  : fin.  PZS,  or  cof.  lat.  : rad.  ::  fin.  dec.  : fin. 
of  azimuth  from  the  north. 

2 1 . Given  the  latitude  and  fun’s  declination,  to 
find  the  time  when  twilight  begins. 

Twilight  begins  when  the  fun  is  about  180  below  the  horizon;  hence 
ZSrrioS0;  therefore  fin. SP x fin.  ZP  : rad.1:: fin.  \ X 108°.  + SP—PZ 

X fin. ' x io8°.-f  PZ — SP  : fin.  \ ZPS1,  hence  ZPS  is  known,  which 
converted  into  time,  gives  the  time  from  apparent  noon.  Twilight  is 
caufed  by  the  refraction  of  the  fun’s  rays  by  the  atmofphere.  It  is 
obferved  that  the  diftance  of  the  fun  below  the  horizon  when  twilight 
ends  in  the  evening,  is  greater  than  its  diftance  from  the  horizon  in  the 
morning  when  it  begins ; it  is  longer  alfo  in  fummer  than  in  winter. 

22*  As 
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22.  As  the  apparent  diurnal  motion  of  the  fun 
about  the  axis  of  the  earth  is  at  the  rate  of  1 50  in 
an  hour,  if  the  earth  were  tranfparent  and  the  axis 
opaque,  its  fhadow  would  revolve  at  the  fame  rate, 
being  always  projected  into  the  meridian  oppofite 
to  the  fun. 

, . , % . . ' <r 

23.  If  we  conceive  a plane  palling  through  the 
center  of  the  earth,  coinciding  with  the  rational 
horizon  of  any  place,  and  right  lines  be  drawn 
from  the  center  to  the  points  where  the  hour 
circles  cut  that  plane,  they  will  reprefent  the  hour 
lines  on  an  horizontal  dial  for  that  place. 

In  every  dial  the  gnomon,  when  fixed,  is  parallel  to  the  earth’s  axis, 
and  on  account  of  the  fun’s  great  diftance  compared  with  the  radius  of 
the  earth,  the  apparent  motion  of  the  fun  may  be  conceived  to  be  the 
fame  about  the  gnomon  as  about  the  earth’s  axis,  and  therefore  an  ho- 
rizontal dial  may  be  conftru&ed  fimilar  to  the  conftruftion  in  the  pro- 
pofition.  Now  when  the  fun  is  in  the  meridian,  the  12  o’clock  hour 
circle  is  perpendicular  to  the  plane,  and  the  arc  from  the  pole  to  the 
plane  is  equal  to  the  latitude  of  the  place,  and  the  1 o’clock  hour  circle 
makes  an  angle  at  the  pole  with  it  of  150  and  forms  the  hypothenufe 
of  a right  angled  triangle  to  the  above  perpendicular,  and  the  bale  is 
the  arc  meafuring  the  angle  between  the  12  and  1 o’clock  line;  to  find 
which  we  have,  by  fpher.  trig.  rad.  : fin.  lat.  ::  tan.  150  : tan.  of  the 
hour  angle  between  12  and  1 o’clock.  If  inftead  of  150  we  put  30°* 
450,  &c.  we  fnall  get  the  angles  between  the  12  and  2,  3,  &c.  o’clock 
lines. 

24.  If  we  conceive  a plane  palling  through  the 
center  of  the  earth  perpendicular  both  to  the  ho- 
rizon and  meridian,  and  on  the  fouth  fide  lines 
be  drawn  from  the  center  to  the  points  where  the 
hour  circles  cut  that  plane,  they  will  reprefent  the 
hour  lines  on  a vertical  fouth  dial. 

. *.v  ,> 

Hence  a vertical  fouth  dial  may  be  conftrufted  in  a manner  fimilar 
to  this  conftru&ion.  In  this  cafe,  the  arc  of  the  meridian  from  the 
pole  to  the  plane,  is  equal  to  the  complement  of  latitude;  hence,  for 
the  fame  reafon  as  before,  rad.  : cof.  lat.  ::  tan.  150  : tan.  of  the  hour 
angle  between  12  and  1 o’clock.  In  like  manner,  as  before  we  get 
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the  other  hour  angles.  Upon  the  fame  principles,  the  hour  angles 
may  be  calculated  tor  any  other  plane. 

The  general  principles  of  dialling  mav  alfo  be  explained  in  the  fol- 
lowing manner.  Infert  an  axis  in  a cylinder;  divide  the  circumference 
of  one  end  into  24  equal  parts,  and  draw  lines  from  them  to  the  center, 
and  thefe  lines  will  be  the  hour  lines  for  a polar  dial.  From  thefe 
points  of  divilion,  draw  lines  upon  the  furface  of  the  cylinder  parallel 
to  the  axis,  and  cutting  the  cylinder  through  by  any  feCtion,  draw  lines 
from  thefe  parallel  lines  to  the  center  of  the  feCtion,  and  placing  the 
axis  of  the  cylinder  parallel  to  the  earth’s  axis,  you  have  a dial  for 
that  plane. 

ON  PARALLAX  AND  REFRACTION. 

25.  Every  body  appears  elevated,  by  the  refrac- 
tion of  the  atmofphere,  above  its  true  place. 

This  follows  from  the  common  principles  of  Optics.  Tab.  1.  gives 
the  refraction  at  all  altitudes. 

26.  Every  body  appears  depreiTed  bv  parallax 
below  its  true  place  in  a vertical  circle;  and  the 
fine  of  the  parallax  varies  as  the  fine  of  the  zenith 
diilance  directly,  and  the  diflance  of  the  body  from 
the  center  of  the  earth  inverfely. 

The  horizontal  parallax  of  the  lun,  as  determined  from  the  tranfit 
of  venus,  is  8 ',7;  hence  if  we  take  the  radius  of  the  earth  rz  3964 
miles,  we  have  tin.  8 ,7  : rad.  ::  3964  : 04000474  miles,  the  fun’s 
diilance.  The  real  diilance  of  the  fun  being  thus  known,  and  their 
relative  diflances  from  their  periodic  times,  the  real  diitances  of  all  the 
planets  will  be  'known. 

The  diilance  of  the  fixed  iiars  is  fo  great  that  they  have  no  diurnal 
parallax.  It  appears  alfo  that  they  have  no  annual  parallax. 

When  the  altitude  of  a body  is  obferved,  it  mult  be  corrected  by 
parallax  and  refraction,  adding  the  former,  and  fubtrafting  the  latter, 
in  order  to  get  the  true  altitude,  or  the  altitude  above  the  rational  ho- 
rizon at  the  center  of  the  earth. 


ON  PRACTICAL  ASTRONOMY,  AND  THE  INSTRU- 
MENTS FOR  THAT  PURPOSE. 

27.  The  vernier  is  a graduated  index  move- 
able  againft  the  arc  of  a quadrant,  or  any  gradu- 
ated 
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ated  line,  in  order  to  fubdivide  it  to  a greater  de- 
gree of  accuracy  than  could  be  done  by  an  adtual 
fubdivifion. 

The  principal  is  this:  if  equal  arcs  A of  the  quadrant  and  its  index 
be  divided,  one  into  n and  the  other  into  n -f- 1 equal  parts,  the  diffe- 

rence  of  the  lengths  of  each  divifion  ~ If  A~  70  and  each 

& «X«+ 1 

degree  be  divided  into  3 equal  parts,  then  A is  divided  into  21  equal 
parts;  and  if  an  arc  A of  the  index  be  divided  into  20  equal  parts,  the 

difference  of  each  divifion  ==  — ~ 1'.  Hence  when  any  two  di- 

20x21 

vifions  coincide,  the  diflance  of  the  next  two  — 1' , of  the  next  two 
— 2',  of  the  next  two  ~ 3',  &c.  This  method  of  fubdivifion  is  applied 
to  moft  quadrants. 

28.  The  transit  telescope  is  a telefcope 
moveable  about  an  horizontal  axis,  and  fo  adjufled 
as  to  make  its  line  of  collimation  defcribe  a great 
circle  palling  through  the  pole  and  zenith,  or  the 
meridian  of  the  plane. 

The  line  of  collimation  is  the  line  joining  the  center  of  the  object 
glafs  and  the  center  of  the  crofs  wires  in  its  principal  focus.  One  of 
the  crofs  wires  pafling  through  the  center  is  perpendicular  to  the  ho- 
rizon, and  confequently  it  coincides  with  the  meridian.  Hence  when 
any  body  comes  to  this  wire  it  is  in  the  meridian.  The  ufe  of  this, 
inflrument  is  to  take  the  right  afcenfions  of  the  heavenly  bodies,  and 
to  correct  the  going  of  the  clock. 

A Jldereal  day  is  die  interval  between  the  two  fucceflive  paffages  of 
a fixed  liar  over  the  meridian.  A folar  day  is  the  interval  between 
the  two  fucceflive  paffages  of  the  fun’s  center  over  the  meridian;  thefe 
days  are  not  all  equal.  If  we  conceive  the  year  to  be  divided  into  the 
fame  number  of  days  of  equal  lengths,  fuch  a day,  is  called  a mean  folar 
day.  A clock  adjufled  to  go  24  hours  in  a f.dcreal  day,  is  faid  to  be 
adjufled  to  fidereal  time.  If  it  be  adjufled  to  go  24  hours  in  a mean 
folar  day,  it  is  faid  to  be  adjufled  to  mean  folar  time. 

29.  The  interval  of  time  between  the  two  fuc- 
ceffive  palfages  of  a fixed  liar  over  the  meridian  : 
the  interval  between  the  paffages  of  two  fixed  ftars 
::  360° : the  difference, of  their  right  afcenfions. 

Hence  if  we  know  the  right  afcenfion  of  one  ftar,  we  can  find  the 
right  afcenfion  of  all  the  otliers.  The  method  of  firft  finding  the  right 

afcenfion 
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afcenfion  of  a ftar  is  explained  in  my  P radical  AJlronomy,  p.  86.  If 
we  thus  compare  the  right  afcenfion  of  a known  fixed  liar  with  that  of 
the  fun,  moon,  or  a planet,  we  fhall  get  their  right  afcenfions.  A clock 
adjulled  to  fidereal  time,  is  that  by  which  we  determine  right  afeen- 
iions;  tranfit  clocks  in  obfervatories  are  therefore  thus  adjulled. 


I 


30.  If  x be  the  difference  of  the  fun’s  and  a 
planet’s  motion  in  right  afcenfion  in  24  hours,  re- 
duced into  time,  t the  difference  of  their  right  af- 
cenfions in  time  when  the  fun  is  on  the  meridian, 


then 


24/ 


24: 


-X 


is  the  time  from  apparent  noon  when 


the  planet  is  on  the  meridian,  where  the  upper  or 
lower  fign  prevails,  according  as  the  planet’s  or 
fun’s  motion  is  the  greateff.  If  the  planet  be  re- 
trograde, x muff  be  the  fum  of  the  motions  of  the 
fun  and  planet  with  the  fign  +. 


24/  t X tx 

As  ~ t z±.  — -f  — ; =fc  &c.  the  two  firfl  terms  will  be  fuffi- 

24^tx  24  24 

ciently  exadt  for  all  cafes,  except  that  of  the  moon,  where  it  will  be 
necelfary  to  take  the  next  term.  The  values  of  t and  x may  be  put 
down  in  decimals,  by  tab.  2.  Apparent  noon  is  the  time  when  the 
fun’s  center  is  on  the  meridian. 

Ex.  On  July  1,  1767,  the  fun’s  AR  when  on  the  meridian  of  Green- 
wich, was  6/1. 40'. 25'',  and  its  daily  increafe  4 . 8 ' ; alfo  the  moon’s 
AR,  was  10^.  36  .8  ',  and  its  daily  increafe  42'.28  ',  to  find  the  time  of 
the  moon’s  paifage  over  the  meridian.  Here  t — 10//. 36  . 8"  — 6/2.40'. 
25"  — 3 h.  55  . 43"  — 3,9285,  alfo  * rz  42".  28" — 4'. 8“  =2  38 . 20"  — 

,6388;  hence  — =26'.  16",  10";  therefore  3^.  5 5'.  43"  + 6'.  16 " 

24  24 

■4- 10".  — \h. 2'.  9".  the  time  from  apparent  noon.  If  the  equation  of 
time  be  applied,  it  gives  the  time  by  the  clock. 


31.  TllC  ASTRONOMICAL  QUADARNT  IS  ail  ill- 

Ifrument  for  meafuring  the  altitudes  of  the  hea- 
venly bodies  above  the  horizon. 

Some  quadrants  turn  upon  a vertical  axis,  by  which  the  altitudes  of 
bodies  in  any  fituation  may  be  meafured;  others,  called  mural  qua- 
drants, are  fixed  againlt  a wall  with  their  plane  in  the  meridian,  with 
which  you  can  only  meafure  meridian  altitudes.  Inilcad  of  a quadrant 

for 
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for  taking  altitudes,  Mr.  Ramsden  has  invented  a new  inftrument, 
called  a circular  inftrument,  which  has  many  advantages  over  that  of 
the  quadrant.  A defcription  of  this  may  be  feen  in  my  Practical 
Aftronomy.  After  the  altitude  is  taken  it  mull:  be  corrected  for  parallax 
and  refra&ion,  by  which  you  get  t^e  true  altitude  above  the  rational 
horizon.  • 

32.  The  latitude  of  the  place  and  the  meridian 
altitude  of  a body  being  known,  its  declination 
will  be  known. 

33.  The  right  afcenfion  and  declination  being 
known,  the  place  of  the  body  in  the  heavens  is 
known. 

34.  Given  the  right  afcenfion  and  declination 
of  an  heavenly  body,  its  latitude  and  longitude 
may  be  computed. 

The  bell  rule  for  this  purpofe  is  that  given  by  Dr.  Maskelyne, 
which  the  reader  may  fee  in  my  Practical  Aftronomy,  pag.  1 13. 

The  foundation  of  all  aftronomy  is  to  determine  the  fituation  of  the 
fixed  ftars,  in  order  to  refer  the  places  of  other  bodies  to  them  front 
time  to  time,  and  from  thence  to  determine  their  proper  motions. 

35.  If  equal  altitudes  of  an  heavenly  body  be 
taken  on  different  Tides  of  the  meridian,  the  mid- 
dle point  of  time  between  will  give  the  time  when 
the  body  is  upon  the  meridian,  if  it  have  not 
changed  its  declination. 

The  corre&ion  for  the  variation  of  declination  may  be  feen  in  my 
Practical  Aftronomy,  pag.  44.  By  this  means  the  time  when  any  body 
comes  to  the  meridian  may  be  found ; and  when  applied  to  the  fun  or 
a fixed  ftar,  the  rate  at  which  a clock,  adjufted  to  mean  folar  or  fide- 
real  time,  gains  or  lofes  may  be  determined. 

36.  If  a fmall  error  m be  made  in  taking  the 
altitude  of  the  fun  or  a ftar  3 the  correfponding 

rad.2 

error  of  time  will  be  equal  to  m x — yy— — y ? — : 

1 * coi.lat.xnn.azim. 

the  time  being  found  by  prop.  16. 
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The  invefligation  of  this  may  be  feen  in  my  Practical  Ajlronomy, 

PaS-  42-  ...  . .. 

Hence  when  the  latitude  is  given  the  error  in  time  is  the  lead  upon 
the  prime  vertical,  and  is  independent  of  the  declination.  To  find 
the  time  therefore  from  an  obfer/ed  altitude  of  the  fun  or  a ftar,  it 
lhould  be  taken  upon  the  prime  vertical,  as  being  fubjeft  to  the  leaft 
error.  In  lot.  52°.i2',  if  the  error  in  altitude  at  an  azimuth  44°. 22' 

be  T,  the  error  in  time  — T X -7 7 — — of  a degree  ~ 

,613  x, 699 

9 ",3  36  the  error  of  time. 

37.  The  EQUATORIAL  INSTRUMENT  COllflfts  of 
three  circles,  the  azimuth  circle,  the  equatorial 
circle  and  the  declination  circle  j the  frrft  may  be 
adj lifted  parallel  to  the  horizon,  the  lecond  parallel 
to  the  equator  and  the  third  perpendicular  to  the 
equator. 

The  declination  circle  has  a telefcope  applied  to  it,  whofe  line  of 
collimation  is  parallel  to  that  circle. 

The  ufes  of  this  inflrument  are  — to  take  the  altitude  of  a body 
above  the  horizon  — to  determine  the  pofition  of  the  meridian  — to 
determine  the  time  of  the  day  — to  find  a flar  or  planet  in  the  day 
time  — to  find  the  right  afeenfion  and  declination  of  a ftar,  and  to  mea- 
fure  horizontal  angles. 

38.  The  equatorial  sector  is  an  inftru- 
ment  for  taking  the  difference  of  the  right  afeen- 
fions  and  declinations  of  ffars. 

There  are  various  conflru£lions  of  this  inflrument;  Mr.  Graham 
confl rafted  the  firft;  afterwards  Dr.  Masrelyne  conflrudted  one  upon 
different  principles,  which  had  many  advantages  over  that  by  Mr. 
Graham. 

39.  The  zenith  sector  is  an  inflrument 
conftrudfed  for  the  purpofe  of  meafuring  fmall 
ailgular  diftances  from  the  zenith. 

This  inflrument  was  invented  by  Dr.  Hook,  in  order  to  determine 
the  annual  parallax  of  the  fixed  flars,  as,  upon  account  of  the  length 
of  its  radius,  it  is  capable  of  meafuring  fmall  angles  with  greater  ac- 
curacy than  the  quadrant.  'It  was  with  this  inflrument,  that  Dr. 
Bradi.ey  made  his  two  admirable  difeoveries  of  the  aberration  of  light 
in  the  fixed  flars,  and  the  nutation  of  the  earth’s  axis. 


40.  A 


astronomy. 


129 

40.  A micrometer  is  an  inftrument  invented 
at  fir  ft  to  meafure  the  angular  diftances  of  fuch 
bodies  as  appear  in  the  field  of  view  of  a telefcope 
at  the  fame  time,  or  the  diameters  of  the  fun, 
moon  or  planets.  But  the  ufe  was  afterwards  ex- 
tended to  meafure  the  diftances  of  bodies  more 

1 

remote  from  each  other. 

41.  Hadley’s  quadrant  is  an  inftrument 
for  meafuring  the  altitudes  of  bodies  above  the 
horizon,  or  the  angular  diftance  of  any  two  bodies, 
whatever  be  their  pofition. 

As  this  inftrument  is  conftrutted  to  meafure  the  angular  diftance  of 
any  two  bodies,  and  as  it  will  do  this  even  when  the  obferver  is  fubjeft 
to  any  unfteadinefs,  it  is  extremely  well  adapted  to  find  the  longitude 
at  fea,  by  the  moon’s  diftance  from  the  fun  or  a fixed  ftar.  With  a 
good  inftrument  the  time  found  from  taking  the  altitude  of  the  fun  or 
a ftar  at  land,  may  be  depended  upon  to  about  2"  in  our  latitude,  if 
the  altitude  be  taken  on  or  near  the  prime  vertical.  Altitudes  at  land 
are  taken  by  reflection  from  an  artificial  horizon.  The  furface  of  all 
fluids  are  horizontal;  but  as  they  are  fubjeCt  to  be  difturbed  by  the 
wind,  various  contrivances  have  been  invented  to  render  reflecting 
planes  horizontal  by  means  of  fluids.  The  altitude  at  fea  is  found  by 
the  real  horizon,  allowing  for  the  dip. 

A very  full  defcription  of  all  thefe  inftruments,  with  an  account  of 
their  ufes,  may  be  feen  in  my  Praftical  AJironomy . 

42.  A whirling  table  is  an  inftrument  to  fhow 
the  doctrine  of  centripetal  forces. 

43.  The  eclipfareon  is  an  inftrument  to  fhow 
all  the  phenomena  of  a folar  eclipfe. 

By  this  inftrument  the  time  and  quantity  of  an  eclipfe  at  any  place, 
may  be  determined  to  a very  confiderable  degree  of  accuracy. 

44.  The  figure  of  the  earth,  arifing  from  the 
centrifugal  force  of  its  parts  in  confequence  of  its 
rotation  about  its  axis,  may  be  Ihown  by  the  re- 
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volution  of  two  brafs  hoops  placed  at  right  angles 
to  each  other,  and  made  to  revolve  about  a com- 
mon diameter. 

1 

ON  THE  INEQUALITY  OF  SOLAR  DAYS. 

45.  By  comparing  the  right  afcenfion  of  the 
fun  every  day  at  noon  with  that  of  a fixed  ftar, 
it  appears  that  the  right  afcenfion  of  the  fun  does 
not  increafe  uniformly. 

46.  As  the  earth  revolves  uniformly  about  its 
axis  in  the  fame  direction  in  which  it  revolves 
about  the  fun,  and  the  daily  increafe  of  the  fun’s 
right  afcenfion  is  not  uniform,  the  folar  days,  being 
equal  to  the  time  of  the  earth’s  rotation -|- the  time 
of  its  defcribing  an  arc  equal  to  the  increafe  of  the 
fun’s  right  afcenfion  in  a folar  day,  are  not  all  equal. 

47.  If  the  motion  of  the  earth  in  its  orbit,  or 
the  apparent  annual  motion  of  the  fun,  were  uni- 
form and  in  the  equator,  the  folar  days  would  be 
all  equal. 

For  the  right  afcenfion  is  meafured  upon  the  equator,  and  therefore 
in  this  cafe  its  increafe  would  be  uniform.  Hence  if  we  conceive  an 
imaginary  ftar  to  move  uniformly  in  the  equator  with  the  fun’s  mean 
motion  in  right  afcenfion,  the  intervals  of  its  tranfits  over  the  meridian 
would  be  all  equal.  A clock  therefore  fet  to  12  when  this  ftar  is  upon 
the  meridian,  and  adjufted  to  go  24  hours  in  that  interval,  would  al- 
ways agree  with  the  ftar,  that  is,  lhow  12  at  the  time  of  the  tranfit. 
Hence  it  is  the  fame  thing,  whether  we  compare  folar  time  with  the 
time  meafured  by  this  ftar  or  by  the  clock. 

48.  The  fun  does  not  move  in  the  equator,  nor 
does  it  move  uniformly ; therefore  the  folar  days 
are  not  equal.  Hence  the  inequality  of  folar  days, 
arifes  from  the  inclination  of  the  equator  to  the. 

ecliptic. 
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ecliptic,  and  the  unequal  angular  velocity  of  the 
earth  in  its  orbit. 

As  the  folar  days  are  not  all  equal,  a clock  adjufted  as  above  de- 
feribed,  would  not  always  fhow  12  when  the  fun  is  on  the  meridian. 
The  time  from  12  when  the  fun  is  on  the  meridian,  is  called  the  equa- 
tion of  time. 

The  time  by  the  fun  is  called  apparent , and  that  by  the  clock  true 
or  mean  time. 

The  pra&ical  method  of  computing  the  equation  of  time  not  being 
given  in  any  books  of  aftronomy,  we  lhall  here  give  the  inveftigation, 
with  an  example. 

Let  APLS  (fig.  9.)  be  the  ecliptic,  AL-v  the  equator,  A the  firft  point 
of  Aries,  P the  fun’s  apogee,  S the  place  of  the  fun,  draw  S-v,  Pvj 
perpendicular  to  A-v,  and  take  Ln—LP.  When  the  fun  fets  out  at  P, 
let  the  imaginary  liar  fet  out  at  n with  the  fun’s  mean  motion  in  right 
afcenfion  or  longitude,  or  at  the  rate  of  59  .8''  in  a day,  and  when  n 
pafles  the  meridian  let  the  clock  be  adjufted  to  12,  in  which  cafe  nvu 
is  the  equation  of  time;  thefe  are  the  correfponding  pofitions  of  the 
clock  and  fun  as  affumed  by  aftronomers.  Take  nm  — Ps,  and  when 
the  liar  comes  to  m,  the  place  of  the  fun,  if  it  moved  uniformly  with 
its  mean  motion,  would  be  at  s,  but  at  that  time  let  S be  the  place  of 
the  fun.  Now  as  the  clock  is  adjufted  to  12  at  the  time  the  ftar  at  « 
pafles  the  meridian,  and  as  at  that  time  the  fun's  true  place  in  the 
equator  is  v,  mv  is  the  equation  of  time.  Now  s is  the  fun’s  mean 
place,  and  as  An~AP  and  nm  — Ps,  .*.  Am  — APs,  confequently  my 
—A-v — Am—Av — APs.  Now  let  a be  the  mean  equinox,  and  draw 
az  perpendicular  to  AL ; then  Am  — Az-{-  zm  —Aa  X cof.  aAz  -j-  zm  — 
•{-i  Aa  + zm;  hence  tn-v  —.Av  — \\Aa  — zm;  now  Av  is  the  fun’s  true 
right  afcenfion,  zm  is  the  mean  right  afcenfion  or  mean  longitude,  and 
Az  is  the  equation  of  the  equinoxes  in  right  afcenfion;  hence  the  equa- 
tion of  time  is  equal  to  the  difference  of  the  fun’s  true  right  afcenfion,  and 
its  mean  longitude  corrected  by  the  equation  of  the  equinoxes  in  right  afien- 
fion.  When  Am  is  lefs  than  A-v,  true  time  precedes  apparent,  and  when 
greater,  apparent  time  precedes  true;  becaufe  the  earth  turns  about 
its  axis  in  the  direction  A-v,  or  order  of  right  afcenfion,  that  body 
whofe  right  afcenfion  is  leaft  mull  come  to  the  meridian  firft.  This 
rule  for  computing  the  equation  of  time  was  firft  given  by  Dr.  Mas- 
kelyne  in  the  Phil.  Tranf.  1764. 

As  a meridian  of  the  earth,  when  it  leaves  m,  returns  to  it  again  in 
24  hours,  it  may  be  confidered,  when  it  leaves  that  point,  as  approach- 
ing a point  at  that  time  360°  from  it,  and  at  which  it  arrives  in  24 
hours.  Hence  the  relative  velocity  with  which  a meridian  accedes  to 
or  recedes  from  m is  at  the  rate  of  1 q 0 in  an  hour.  Hence  when  the 
meridian  pafles  through  v,  the  arc  vm  reduced  into  time  at  the  rate 
of  1 50  in  an  hour,  gives  the  equation  of  time  at  that  inftant.  Hence 
the  equation  of  time  is  computed  for  the  inftant  of  apparent  noon. 
Now  the  time  of  apparent  noon  in  mean  folar  time,  for  which  we  com- 
pute, can  only  be  known  by  knowing  the  equation  of  time.  To  com- 
pute therefore  the  equation  on  any  day,  we  mult  aflume  the  equation 
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the  fame  as  on  that  day  four  years  before,  from  which  it  will  differ  but 
very  little,  and  it  will  give  the  time  of  apparent  noon,  fufficiently  ac- 
curate for  the  purpofe  of  computing  the  equation.  If  you  do  not 
know  the  equation  four  years  before,  compute  the  equation  for  noon 
mean  time,  and  that  will  give  apparent  noon  accurately  enough. 

Ex.  To  find  the  equation  of  time  on  July  i5t.  x 792,  for  the  meridian 
of  Greenwich,  by  Mayer’s  Tables. 

The  equation  on  July  ist.  1788,  was  3 '.28  ',  to  be  added  to  apparent 
noon,  to  give  the  correfponding  mean  time;  hence  for  July  Ist.  1792* 
at  oh.  3'.  28"  compute  the  true  longitude. 


Mean  Long.  @ 

Long.©’s  Ap. 

N.i. 

N.2.1  N.3. 

1 J 

N.4. 

Epoch  for  1752. 

9^.10°. 50'. o', 7 

37.9°.  23'.  46' 

241 

227I123 

478 

Mean  Mot.  July  1 

3' 

28" 

5.  29.  23.  16,2 

7>4 
1, 1 

33 

163 

456  312 

27 

Mean  Long. 

Equ.  Cen. 

Equ.  3)  I. 

3.70.13.25,4 
— I-37’1 
+ 4>5 

3.  9.  24.  19 

3. 10. 13.  25,4 

404 

683(435 

5°5 

% H. 

9 III. 

& IV. 

True  Long, 

- 4>7 

+ 3^5 

— 0,6 

3. 10. 1 1. 51,15 

49.  6,4 

Mean  Anom. 

With  this  true  longitude  and  obliquity  23°.27'.48",4  of  the  ecliptic, 
the  true  right  afeerdion  of  the  fun  is  found  to  be  3.7.1 1°. 5'. 41", 25 ; alfo 
the  equation  of  the  equinoxes  in  longitude  ~ — 0,6 ; hence 

Mean  Long.  3j.io°.i 3'.25",4 

ti  °f  — °,6  “ 0,55 


Mean  Long.  cor.  3.  10. 13.24,85 
Tr.  AR.  3 • ii.  5.  41,25 

Equ.  52.  16,  4 which  converted  into  time  gives 

- ...  ■ — 

3'. 29",  1 for  the  true  equation  of  time;  which  mull  be  added  to  ap- 
parent to  give  true  time,  becaufe  the  true  right  afcenfion  is  greater 
than  the  mean  longitude. 

ON  THE  SYSTEM  OF  THE  PRIMARY  PLANETS. 

49.  Mercury  and  Venus  revolve  about  the  fun 
in  orbits  included  within  that  of  the  earth’s  orbit. 

For  they  have  all  the  phenomena  which  bodies  fo  revolving  mull 
ncceffarily  have,  that  is,  two  conjunctions,  one  between  the  fun  and  the 

earth. 
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earth,  for  they  fometimes  appear  to  pafs  over  the  fun’s  difc  as  black 
fpots,  and  the  other  beyond  the  fun,  when  they  fhme  with  full  faces. 
Between  thefe  fituations  there  is  a certain  elongation  from  the  fun 
which  they  never  exceed.  From  inferior  to  fuperior  conjunction,  Venus 
is  obferved  to  have  all  the  phafes  of  the  moon  from  new  to  full.  Mer- 
cury is  alfo  obferved  to  have  the  fame  phaies.  The  former  conjunc- 
tion is  called  inferior  and  the  latter  fuperior.  Thefe  are  called  inferior 
planets. 

50.  If  the  orbits  of  thefe  planets  were  circular, 
the  diflance  of  each  from  the  fun  would  be  to  the 
earth’s  diflance,  as  the  fine  of  its  greateft  elongation 
to  radius. 

The  orbits  are  not  circles  but  ellipfes,  having  the  fun  in  the  focus; 
for  upon  that  fuppofition  their  computed  places  are  always  found  to 
agree  with  their  obferved  places.  Their  greateft  elongations  obferved 
in  different  parts  of  their  orbits  are  accordingly  found  to  be  different. 
That  of  Venus  being  greater  than  that  of  Mercury,  Mercury  muft  be 
nearer  to  the  fun  than  Venus. 

5 1 . ^\n  inferior  planet  is  direct  through  fupe- 
rior conjunction  and  retrograde  through  inferior, 
between  which  fituations  it  is  found  to  be  ftati- 
onary. 

52.  Venus  is  a morning  ftar  from  inferior  to 
fuperior  conjunction;  and  an  evening  ftar  from 
fuperior  to  inferior. 

53.  The  earth  revolves  in  an  ellipfe  about  the 
fun,  having  the  fun  in  one  of  the  foci. 

For  the  computations  of  the  fun’s  place  upon  this  fuppofition,  al- 
lowing for  the  difturbing  forces  of  the  planets,  are  found  to  agree  with 
obfervations. 

54.  Mars,  Jupiter,  Saturn  and  the  Georgium 
Sidus  revolve  in  orbits  including  that  of  the  earth. 

For  they  appear  in  oppofition,  from  whence  to  conjunction  they 
are  full  orbed,  except  Mars  which  is  a little  Gibbous  in  Quadratures. 
The  Georgium  Sictas  was  difcovered  by  Dr.  Herschel  in  1781. 
T hefe  are  called  fuperior  planets. 
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55.  A fuperior  planet  is  retrograde  in  oppofition 
and  dire6t  in  conjunction,  between  which  fitua- 
tions  it  is  obferved  to  be  ftationary. 

56.  If  a be  the  diftance  of  a planet  from  the 
fun,  the  earth’s  diftance  being  unity,  and  x be  the 
fine  of  the  angle  of  elongation  at  the  earth  when 

a 

the  planet  is  ftationary,  then  x — ; — > 

the  orbits  being  fuppofed  to  be  circular,  and  the 
fun  in  the  center. 

57.  When  a planet  is  ftationary,  if  / = the  tan- 
gent of  its  elongation,  its  diftance  a from  the  fun 

= t s/^r- 

Hence  if  the  elongation  of  a planet  be  obferved  when  it  is 'ftationary, 
its  diftance  from  the  fun  may  be  found  compared  with  the  earth’s  dif- 
tance, upon  fuppofition  that  the  orbits  are  circular.  If  the  excentricity 
of  the  orbit  be  (mail,  we  (hall  thus  get  a very  near  value  of  the  diftance. 

Ex.  In  1782,  March  bd.bh.  14'.  56"  the  Georgium  Sidus  was  fta- 
tionary with  2-f-28°.49'.2  7"  apparent  longitude,  and  1 c'.  53"  latitude; 
now  the  place  of  the  lun  at  that  time  was  1 1 j.i  70.3  7' ; hence  the  diffe- 
rence of  their  longitudes  was  31.1  i°.i2  .2  7",confequently  the  diilance  of 
the  planet  from  the  fun  was  ioi°.i2 , being  the  hypothenufe  of  a right 
angled  fpherical  triangle,  whofe  bafe  was  10 1°.  12'.  2 7"  and  perpendi- 
cular 15'. 53";  hence  t — 5,05,  confequently  a — 18,4  which  is  a near 
diftance  of  the  Georgium  Sidus  from  the  fun,  the  diftance  of  the  earth 
from  the  fun  being  unity.  If  we  thus  compute  the  diftances  of  the 
fuperior  planets,  it  appears  that  the  order  of  their  diftances  from  the 
fun  are  Mars,  Jupiter,  Saturn,  the  Georgium  Sidus.  By  computing 
their  diftances  from  the  fun  in  different  parts  of  their  orbits,  it  appears 
that  they  are  not  always  at  the  fame  diftance  from  the  fun;  and  by 
affuming  an  elliptic  orbit  having  the  fun  in  one  of  the  foci,  their  com- 
puted places  are  found  to  agree  with  obfervation. 

58.  To  determine  the  periodic  time  of  a planet. 

Obferve  when  a planet  is  in  any  point  of  its  orbit,  and  after  any 
number  of  revolutions  obferve  when  it  comes  to  the  fame  point  again; 
then  divide  that  interval  of  time  by  the  number  of  revolutions  and  you 
get  the  time  of  one  revolution.  The  obfervations  of  the  ancient  aftro- 
nomers  are  here  very  ufeful ; for  as  they  have  put  down  the  places  of 
. ‘ { tlte 
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the  planets  from  their  obfervations,  by  comparing  them  with  the  places 
obferved  now,  we  take  in  a very  great  number  of  revolutions,  and 
therefore  if  we  divide  the  interval  of  time  by  the  number  of  revolu- 
tions, if  a fmall  error  be  made  in  the  whole  time  it  will  affeft  fo 
much  lefs  the  time  of  one  revolution. 

i 

59.  The  fquares  of  the  periodic  times  of  the 
planets,  have  the  fame  proportion  as  the  cubes  of 
their  mean  diftances. 

This  law  was  difcovered  by  Kepler,  after  having  found  their  pe- 
riodic times  and  relative  diftances.  Afterwards  Sir  I.  Newton  proved, 
from  the  laws  of  gravity,  that  it  mull  be  fo. 

60.  If  the- planets  moved  in  circular  orbits,  the 
time  from  conjunction  to  conjunction,  or  from 
oppofition  to  oppofition  of  any  two,  would  be 
equal  to  the  produCt  of  their  periodic  times  di- 
vided by  their  difference. 

61.  The  vifible  enlightened  part  of  a planet 
varies  as  the  verfed  fine  of  the  exterior  angle  at  the 
planet,  of  a triangle  formed  by  joining  the  centers 
of  the  earth,  fun  and  planet. 

62.  The  geocentric  latitude  of  a planet  and  its 
elongation  from  the  fun  being  known,  the  helio- 
centric latitude  and  longitude  may  be  computed, 
the  ratio  of  the  diftances  of  the  earth  and  planet 
from  the  fun  being  known. 

63.  Two  heliocentric  latitudes  of  a planet,  and 
the  difference  of  longitudes  being  known,  the  place 
of  the  node  and  the  inclination  of  the  orbit  may 
be  computed. 

The  following  table  contains  the  relative  diftances,  periodic  times, 
places  of  the  nodes,  inclinations  of  the  orbits  to  the  ecliptic  and  places 
of  the  aphelia  of  the  orbits,  of  all  the  planets,  according  to  M.  de  la 
Lande. 
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Mean 

Did. 

Sidereal  Revol. 

Node  in  1750. 

Inclinat. 

1780. 

Aphelia  1750. 

Mercury 

CO 

V!  1 

S I 

87<3,.23/li5/.44' 

u.i5°^o'43' 

7°.o/.o" 

8'- 13°-33'-58' 

Venus 

72333 

224.  16.  49.  1 1 

2.  14-  26.  18 

3-23-35 

10.  7*  46. 42 

Earth 

IOOOOO 

365.  6.  9.  12 

3.  8-  39.34 

Mars 

I 52369 

686.  23.  30.  36 

1.  17.  38.  38 

1 .5  r.  0 

5.  1.  28.  14 

Jupiter 

520279 

4332.  14.  27.  11 

3*  7-  55-  32 

1.18.56 

6.  10.  21.  4 

Saturn 

954072 

10759.  1.  5 1. 1 1 

3.  21.  32.  22 

2.29.50 

8. 28.  9.  7 

Geor.Sid. 

1908180 

83^.  1 50^.  iSh. 

3.  12.  33.  31 

0.46.20 

1 1 . 1 7.  6.  44 

The  nodes,  inclinations  of  the  orbits  and  aphelia  have  a fmall  motion. 

Befides  thefe  bodies  which  revolve  about  the  fun,  there  are  others, 
called  comets,  which  revolve  in  very  excentric  ellipfes.  Thefe,  as  they 
approach  the  fun,  have  generally  tails  which  increafe  till  they  come 
to  their  perihelia,  and  then  decreafe  again.  They  are  invifible  for  the 
greateit  part  of  their  revolutions. 

The  diameters  of  the  planets.  Sun  and  Moon  in  Englifh  miles  are, 
of  the  Georgium  Sidus  33954,  of  Saturn  78236,  of  Jupiter  92414,  of 
Mars  519  5,  of  the  Earth  7928,  of  Venus  7609,  of  Mercury  3189,  of 
the  Sun  877547,  and  of  the  Moon  2326. 

The  mean  femidiameter  of  the  fun  was  here  taken  i6'.3"  accord- 
ing to  the  Nautical  Almanac;  and  the  mean  femidiameter  of  the  moon 
i6'.44'/,5  according  to  M.  de  la  Lande. 

The  Earth  revolves  about  her  axis  in  23 h.  56'.  4"  mean  folar  time; 
Saturn  in  12//.13T;  Jupiter  in  9^.56  ; Mars  in  24^.40 ; Venus  in  23 h. 
20 ; and  the  Sun  in  z^d.ioh. 

The  time  of  Saturn’s  rotation  is  computed  from  Dr.  Herschel’s 
ratio  of  its  diameters,  which  he  makes  about  11  : 10.  The  time  of 
rotation  of  the  other  planets,  or  whether  they  do  revolve  about  their 
axes  or  not,  have  not  yet  been  determined. 

ON  THE  MOON. 

64.  The  moon  revolves  about  the  earth. 

65.  The  orbit  which  the  moon  defcribes  about 
the  earth  is  an  ellipfe,  having  the  earth  in  one  of 
the  foci. 

For  the  computations  of  the  moon’s  place  upon  this  fuppofition,  al- 
lowing for  the  diiturbing  force  of  the  fun,  agree  with  observation. 

66.  The  enlightened  part  of  the  moon  varies 
as  the  verfed  fine  of  its  elongation  from  the  fun. 

Hence,  as  the  curve  which  divides  the  light  from  the  dark  part  of 
the  moon  appears  an  ellipfe,  its  phafes  may  at  any  time  be  delineated. 

68.  If 
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67.  If  the  angular  velocity  of  the  moon  about 
the  earth  were  equal  to  the  angular  velocity  about 
her  axis,  the  fame  face  would  always  be  turned 
towards  the  earth. 

68.  The  angular  velocity  of  the  moon  about 
the  earth  is  not  uniform,  but  the  angular  velocity 
about  her  axis  is  uniform,  therefore  the  fame  face 
is  not  always  turned  towards  the  earth. 

69.  The  time  of  the  moon’s  rotation  about  her 
axis  is  equal  to  the  mean  time  in  her  orbit,  be- 
caufe  we  never  fee  the  oppofite  fide  of  the  moon. 

The  confequence  of  the  two  lad  proportions  is,  that  the  moon  fome- 
times Ihows  a little  more  of  her  eadern,  and  fometimes  of  her  weftern 
limb,  and  this  is  called  a libration  in  longitude. 

70.  The  moon’s  axis  is  not  perpendicular  to  the 
plane  of  her  orbit,  in  confequence  of  which,  we 
fee  fometimes  one  pole  and  fometimes  the  other; 
this  is  called  a Vibration  in  latitude . 

The  inclination  of  her  axis  to  her  orbit  is  6°.49'. 

71.  In  north  latitudes  when  the  moon’s  right 
afcenfion  is  nothing,  her  orbit  at  the  time  of  her 
riling  makes  the  lead:  angle  with  the  horizon ; there- 
fore the  difference  of  the  times  of  rifmg  on  two 
fucceffive  nights  is  then  the  lead:. 

In  September  this  happens  when  the  moon  is  at  the  full,  and  this  is 
called  the  harvejl  moon.  The  fame  circumftance  takes  place  every 
month,  but  as  it  does  not  happen  at  the  time  of  the  full  moon,  it  is 
not  taken  notice  of.  When  her  AR.zrbr  there  is  the  greated  difference 
of  the  times  of  riling.  Thole  figns  which  rife  with  the  lead  angle  let 
with  the  greated,  and  the  contrary ; therefore  when  there  is  the  lead 
difference  in  the  times  of  rifing,  there  is  the  greated  in  fetting,  and 
the  contrary. 

The  lunar  months,  and  mean  didances  of  the  moon  at  different  times 
of  the  year,  are  not  all  equal,  owing  to  the  attion  of  the  fun  upon  it 
being  different.  The  time  of  a mean  fidereal  month  was  27^:7/1.43'.!  i-p ' 
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at  the  beginning  of  this  century ; but  the  mean  motion  is  accelerated. 
The  moon’s  mean  diftancejis  60'  femidiameters  of  the  earth;  and  the 
mean  inclination  of  her  orbit  is  about  5°.8'.  The  nodes  are  retrograde 
at  the  rate  of  190.19.45"  in  a year  of  365^.;  and  the  apogee  is  pro- 
greflive  at  the  rate  of  6 .41  '.i'-'  in  a day.  ' 


ON  THE  SATELLITES  OF  JUPITER,  SATURN  AND 
THE  GEORGIUM  SIDUS, 

72.  Jupiter  has  four  fatellites  revolving  about  it. 

Their  periodic  times  are  id.  18^.2 7'. 3 3";  3^.1 3/;.  1 3'. 42";  yd.^h.^’. 
33"  and  i6d.  ibh.  32'. S".  They  revolye  in  orbits  circular,  or  very 
nearly  fo,  except  the  fourth  which  Dr.  Bradley  found  to  be  elliptical. 
Their  didances  from  the  center  of  Jupiter  in  terms  of  his  femidiameter 
are  5,965,  9,494,  15,141  and  26,63  according  to  Sir  I.  Newton. 
Their  motions  are  fubjeft  to  confiderable  irregularities  from  their  mu- 
tual attractions.  They  fuffer  eclipfes  like  our  moon. 

73.  Saturn  has  feven  fatellites  revolving  about  it. 

Their  periodic  times  are  SA.53'. 8^,9 ; id.ioh.i,y.22.",y,  id.iih- 
18  .27'';  zd.iyh. 41  .22";  ^d. 12/1.2.$'. 12"-,  1 $d.22h.\\'.\2-,  79^.7/;. 49; 
the  tivo  former  were  determined  by  Dr.  Herschea,  who  difeovered 
thofe  two  fatellites,  and  the  other  by  Mr.  Pound.  The  diftance  of 
the  two  firit  from  the  center  of  Saturn  are  36'.  79"  and  29  .67"  accord- 
ing to  Dr.  Herschel,  and  of  the  others  43  ‘ ';  56'  ; 1. 18 3';  8 . 42  V' 
according  to  M.  Cassini,  the  femidiameter  of  Saturn  being  20". 

74.  Saturn  is  alfo  encompalfed  with  a broad  flat 
ring,  whofc  greateft  apparent  diameter  : that  of 
the  planet  ::  9 : 4. 

This,  which  was  fuppofed  to  be  only  one  ring.  Dr.  Herschel  ha3 
difeovered  to  be  two,  both  lying  exaftly  in  the  fame  plane.  He  has 
alfo  difeovered  that  it  revolves  about  an  axis  perpendicular  to  its 
plane  in  10/1.32’. i 5",4.  Dr.  Herschel  has  alfo  confirmed,  what  Sir 
I.  Newton  had  before  obferved,  that  the  5th.  fatellite  revolves  about 
its  axis;  he  makes  the  time  of  rotation  to  be  79*/.  7A.  47'- 

75.  The  Georgium  Sidus  has  two  fatellites  re- 
volving about  it. 

Thefe  were  difeovered  by  Dr.  Herschel;  he  makes  the  times  of 
their  fynodic  revolutions  to  be  8</.i 7/1.1'. i9",3  and  13^.1 ih.$  .i",$  ; 
and  their  dillances  from  the  planet  33",09  and  44'  ,23  at  the  mean  dif- 
tance of  the  planet.  Their  orbits  are  nearly  perpendicular  to  the 
ecliptic. 
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ON  ECLIPSES. 

76.  The  fun  is  greater  than  the  earth,  and  the 
earth  is  greater  than  the  moon. 

77.  If  tangents  be  drawn  from  the  fun  to  the 
correfponding  fides  of  an  opaque  body,  they  ter- 
minate the  umbra;  if  they  be  drawn  to  the  oppofite 
iides  they  terminate  the  penumbra. 

Hence  if  the  opaque  body  be  a fphere,  the  umbra  and  penumbra 
■will  be  conical,  and  the  latter  will  always  be  an  increaling  fruftrum  of 
a cone;  but  as  the  earth  and  moon  are  lefs  than  the  fun,  the  former 
will  be  a cone  which  terminates.  Hence  a fedlion  of  each  perpendi- 
cular to  the  axis  is  a circle,  and  the  penumbra  includes  the  umbra. 

The  length  of  the  earth’s  umbra,  at  the  mean  diftance  of  the  fun, 
is  about  216  femidiameters  of  the  earth,  and  the  length  of  the  moon’s 
umbra  about  59. 

In  eclipfes  of  the  moon  the  fhadow  is  found  to  be  a little  greater 
than  what  this  rule  gives,  owing  to  the  atmofphere  of  the  earth. 
Mayer  thinks  you  ought  to  add  as  many  feconds  as  the  femidiameter 
contains  minutes. 

78.  An  eclipfe  of  the  fun  happens  at  the  new 
moon,  and  an  eclipfe  of  the  moon  at  the  full  moon. 

79.  There  is  not  an  eclipfe  of  the  fun  at  every 
new  moon,  nor  an  eclipfe  of  the  moon  at  every 
full  moon,  owing  to  the  plane  of  the  moon’s  orbit 
being  inclined  to  the  ecliptic. 

80.  To  determine  the  limits  of  a lunar  eclipfe. 

The  limits  of  a lunar  eclipfe  are  thefe.  At  the  full  moon, 

1.  If  the  moon’s  latitude  — the  femidiameter  of  the  earth’s  fhadow 
-f  the  femidiameter  of  the  moon,  there  will  be  7/0  eclipfe. 

2.  If  the  latitude  be  lefs  than  that  fum,  but  greater  than  their  diffe- 
rence, there  will  be  a partial  eclipfe. 

3.  If  the  latitude  be  lefs  than  their  difference,  there  will  be  a total 
eclipfe. 

Cor.  The  didance  of  the  center  of  the  earth’s  fhadow  from  the  node, 
cr  the  fun’s  diftance  from  the  oppofite  node,  at  the  firft  limit,  is  about 
120. 2 3';  within  which  diftance  therefore  the  node  mull  be  from  oppo- 
sition that  there  may  be  an  eclipfe  of  the  moon. 

What  is  here  ufuallv  called  the  moon’s  latitude  is  not  ftriftly  fo,  it 
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being  a perpendicular  to  the  moon’s  orbit  and  not  to  the  ecliptic ; it 
differs  however  but  a very  little  from  it,  on  account  of  the  fmall  angle 
between  them.  The  fame  quantity  is  called  the  latitude  in  the  next 
propofition. 

81.  To  determine  the  limits  of  a folar  eclipfe. 

The  limits  of  a folar  eclipfe  are  thefe.  At  the  new  moon, 

1 . If  the  moon’s  latitude  — the  femidiameter  of  the  earth  -j-the  ferni- 
diameter  of  the  moon,  there  will  be  no  eclipfe. 

2.  If  the  latitude  be  lefs  than  that  fum,  but  greater  than  their  diffe- 
rence, there  will  be  a partial  eclipfe. 

3.  If  the  latitude  be  lefs  than  their  difference,  there  will  be  a total 
eclipfe. 

Cor.  The  diftance  of  the  fun  from  the  node  at  the  firfl  pofition  is 
about  i6°.35';  within  which  diftance  therefore  the  earth  mud  be  from 
the  node  that  there  may  be  an  eclipfe. 

82.  There  are  more  eclipfes  of  the  fun  than  of 
the  moon  3 but  more  eclipfes  of  the  moon  than  of 
the  fun  are  feen  at  any  given  place. 

If  the  nodes  of  the  moon’s  orbit  were  fixed,  there  could  not  be  more 
than  fix  eclipfes  in  a year,  nor  lefs  than  two;  but  in  confcquence  of 
the  retrograde  motion  of  the  moon’s  nodes,  there  may  be  feven  in  a 
year,  but  this  does  not  affeft  the  other  limit. 

TO  FIND  THE  LONGITUDE. 

83.  The  longitude  may  be  found  by  an  eclipfe 
of  the  moon,  or  of  Jupiter’s  fatellites. 

For  having  the  hour  when  they  happen  at  Greenwich,  f.nd  by  prop. 
16,  17.  the  hour  when  they  happen  at  any  other  place,  and  the  diffe- 
rence of  the  times  converted  into  degrees  at  the  rate  of  1 50  for  an 
hour  gives  the  difference  of  longitudes;  and  the  longitude  of  the  place 
is  eaft  or  weft  from  Greenwich,  according  as  the  hour  at  the  place  is 
before  or  after  that  at  Greenwich.  The  eclipfes  of  Jupiter  cannot  be 
obferved  at  fea  from  the  unlteadinefs  of  the  fiiip. 

84.  The  longitude  may  alfo  be  found  by  a watch 
which  keeps  true  time. 

For  if  fet  to  the  time  at  Greenwich,  it  will  always  fhow  the  time  at 
that  place,  which  compared  with  the  time  found  at  any  other  place, 
by  taking  the  fun’s  or  a liar’s  altitude,  the  difference  gives  the  longi- 
tude as  before. 
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85.  The  longitude  may  be  found  by  taking  the 
moon’s  diftance  from  the  fun  or  a fixed  ftar. 

Obferve  the  diftance,  and  alfo  the  two  altitudes,  and  from  thence 
find  the  true  diftance,  and  alfo  the  time  from  the  fun’s  or  ftar’s  altitude. 
The  true  diftance  of  the  moon  from  the  lun  or  ftar  is  put  down  in  the 
Nautical  Almanack  for  every  three  hours  at  Greenwich;  hence,  by 
proportion,  you  may  find  the  time  at  Greenwich  when  it  is  at  any  other 
diftance.  Find  therefore  the  time  at  Greenwich  when  it  is  at  the  true 
diftance  deduced  from  obfervation,  and  the  difference  between  that 
time  and  the  time  at  the  place  of  obfervation  gives  the  difference  of 
longitudes.  See  all  the  rules,  with  an  example,  in  my  Practical  AJira- 
nomy , p.  5 1 . 


ON  THE  PROGRESSIVE  MOTION  OF  LIGHT,  AND 
THE  ABERRATION  OF  THE  FIXED  STARS. 

86.  Light  is  not  inftantaneous  but  progreffive. 

This  was  difcovered  by  M.  Reaumur,  who  obferved  that  an  eclipfe 
of  Jupiter’s  fatellites  began  about  16'  fooner  when  Jupiter  was  in  op- 
pofition  than  when  in  conjunction,  which  he  determined  could  arife 
from  no  other  caufe  than  the  progreflive  motion  of  light,  which  would 
have  to  move  over  the  diameter  of  the  earth’s  orbit  more  in  the  latter 
cafe  than  in  the  former,  before  the  eclipfe  would  appear  to  begin. 

87.  From  the  progreflive  motion  of  light  and  of 
the  earth  in  its  orbit,  the  place  of  every  fixed  ftar, 
meafured  by  an  inftrument,  is  forwarder  than  its 
true  place,  reckoned  according  to  the  motion  of 
the  fpe£tator. 

88.  The  fine  of  the  angle  of  aberration  : the 
fine  of  the  angle  which  the  line  joining  the  earth 
and  the  apparent  place  of  the  ftar  makes  with  the 
dire&ion  of  the  earth’s  motion  ::  the  velocity  of 
the  earth  : the  velocity  of  light. 

Cor.  As  the  former  angle  is  obferved  to  be  20"  when  the  latter  be- 
comes a right  angle,  we  have,  the  velocity  of  tKe  earth  : velocity  of 
light  ::  fin.  20"  : rad.  ::  1 : 103 14.  Hence  alfo  this  aberration  is  no- 
thing when  the  fpe&ator  moves  direftly  to  or  from  a ftar.  The  place 
ir.eafured  by  the  inftrument  is  called  the  apparent  place. 

89.  Whilft 
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89.  Whilft  the  earth  makes  one  revolution  in 
its  orbit,  the  curve  defcribed  by  the  apparent  place 
of  a ilar  upon  a plane  parallel  to  the  ecliptic  is 
a circle. 

The  true  place  of  the  liar  in  that  circle  divides  that  diameter,  which, 
if  projected  upon  the  ecliptic,  would  be  perpendicular  to  the  major 
axis  of  the  earth’s  orbit,  in  the  fame  ratio  as  one  of  the  foci  divides 
that  major  axis. 

90.  Every  flar  appears  to  defcribe  an  ellipfe, 
whofe  major  axis  : minor  ::  radius  : fine  of  the 
liar’s  latitude. 

The  major  axis  of  this  ellipfe  for  all  liars  is  40",  and  is  always  pa- 
rallel to  the  ecliptic;  the  minor  axis  is  perpendicular  to  it.  The  path 
appears  an  ellipfe,  becaufe  it  is  the  abovementioned  circle  feen  obliquely. 

91.  If  m and  n be  the  fine  and  coline  of  the 
earth’s  dillance  from  fyzygies,  v and  w the  fine 
and  cofine  of  the  liar’s  latitude  to  radius  unity ; 

n 

then  vm  x 20"=  the  aberration  in  latitude,  and  — 

w 

x 20"=  the  aberration  in  longitude. 

The  exadl  agreement  of  this  theory  with  obfervations  is  a very  fatif- 
faflory  proof  of  the  velocity  of  the  earth,  and  that  light  is  progrclfive. 
In  70  obfervations  on  y Dracotiis,  Dr.  Bradley  found  but  one  (and 
that  is  noted  very  dubious  on  account  of  clouds)  which  differed  more 
than  2"  from  theory,  and  that  did  not  differ  3".  The  theory  agreeing 
thus  exadlly  with  obfervation,  without  confidering  the  annual  parallax, 
proves  that  the  annual  parallax  is  infenfible.  Hence  Dr.  Bradley 
deduced  the  following  conclufions.  1.  That  the  light  of  all  the  fixed 
flars  arrives  at  the  earth  with  the  fame  velocity;  for  the  major  axis  of 
the  ellipfe  is  the  fame  in  all  the  liars.  2.  That  unlels  their  dillances 
from  us  are  all  equal,  which  is  very  improbable,  their  lights  are  pro- 
pagated uniformly  to  all  dillances.  3.  That  light  comes  from  the  fun 
to  the  earth  in  8'.7|">  and  its  velocity  : that  of  the  earth  ::  103 14  : x. 
4.  That  as  the  velocity  of  the  liar  light  comes  out  about  a mean  of 
the  feveral  velocities  found  from  the  cclipfes  of  Jupiter’s  fatellites,  we 
may  conclude  that  the  velocity  of  reflected  light  is  equal  to  that  of 
direft  light.  5.  And  as  it  is  highly  probable  that  the  velocity  of  light 
fro*,  the  fun  and  fixed  liars  is  the  fame,  it  follows  that  its  velocity  is 
not  altered  by  reflexion  into  the  fame  medium. 
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ON  THE  PHYSICAL  CAUSES  OF  THE  PLANETS 


MOTIONS 


92.  All  the  primary  planets  are  urged  by  forces 
tending  to  the  fun. 

For  by  obfervation  they  all  defcribe  equal  areas  about  the  fun  in 
equal  times,  therefore  by  Sir  I.  Newton’s  Prxncipia,  prop,  a.feft. 
2.  lib.  1.  they  are  urged  by  forces  tending  to  the  fun.  This  is  called  a 
centripetal  force.  The  proje&ile  force  of  each  planet  prevents  them 
from  del'cending  to  the  fun,  and  this  is  called  a centrifugal  force.  By 
thefe  two  forces  the  planets  are  retained  in  their  orbits. 

93.  All  the  primary  planets  defcribe  ellipfes 
about  the  fun,  which  is  in  one  of  the  foci. 

For  by  obfervation  the  diftance  of  the  apfides  of  their  orbits  in  re- 
fpett  to  the  fun— 1800,  therefore  by  the  Principia,  feft.  9.  prop.  45. 
lib.  1.  the  force  varies  inverfely  as  the  fquare  of  their  diftance  from 
the  fun;  hence  by  feft.  3.  prop.  13.  cor.  they  defcribe  fome  conic  fec- 
tion  having  the  fun  in  one  of  the  foci,  and  that  conic  fedlion  mull  be 
an  ellipfe,  otherwife  the  orbit  would  not  have  two  aplides.  Hence 
the  force  with  which  the  primary  planets  are  urged  towards  the  fun 
varies  inverfely  as  the  fquare  of  their  diftance  from  the  lun. 

94.  All  the  fecondary  planets  are  urged  by  forces 
tending  to  their  refpedtive  primaries. 

For  they  all  defcribe  areas  about  their  refpeftive  primaries  propor- 
tional to  the  times,  except  fome  fmall  irregularities  which  may  be  ac- 
counted for  from  the  aftion  of  the  fun,  and  from  their  aftions  upon 
each  other;  hence,  as  before,  they  are  urged  by  forces  tending  to  their 
refpedlive  primaries. 

95.  If  the  fun  did  not  difturb  the  motion  of 
the  moon,  it  would  revolve  in  an  ellipfe  about  the 
earth  in  one  of  its  foci. 

The  apfides  of  the  moon’s  orbit  have  a fmall  progreftivc  motion. 
Now  it  appears  by  computation,  that  this  motion  is  juft  as  much  as 
the  fun  would  caufe,  if  the  moon  revolved  in  an  ellipfe  about  the  earth 
in  one  of  its  foci;  therefore  without  fuch  a difturbing  force  the  moon 
would  fo  revolve.  Hence  the  moon  is  urged  towards  the  earth  by  a 
force  which  varies  inverfely  as  the  fquare  of  the  diftance. 


96.  All  the  fecondary  planets  are  urged  towards 
their  refpeftive  primaries  by  forces  which  vary  in- 
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verfely  as  the  fquares  of  their  diflances  from  the 
primary. 

For  they  all  revolve  in  circles,  or  very  nearly  fo,  and  the  periodic 
times  are  obferved  to  be  in  a fefquiplicate  ratio  of  their  diltances. 
Hence  by  the  Principia,  lib.  x.  fe£t.  2.  prop.  4.  cor.  6.  the  force 
varies  inverfely  as  the  fquare  of  the  diftance. 

All  the  deviations  of  the  moon’s  motion  from  its  motion  in  an  im- 
moveable ellipfe,  may  be  accounted  for  from  the  attion  of  the  fun 
upon  it. 

The  general  principles  of  thefe  irregularities  are  explained  by  Sir  I. 
Newton  in  his  Principia,  lib.  1.  prop.  6b.  and  its  corrollaries. 
In  lib.  3.  he  has  computed  the  principal  effe&s,  and  fhown  that  they 
agree  with  obfervation.  Since  his  time  all  the  fmaller  effetts  have  been 
determined,  partly  by  theory  and  partly  by  obfervation,  and  tables 
conftruftcd  which  will  give  the  place  of  the  moon  to  a very  great  de- 
gree of  accuracy. 

97.  The  earth  is  a fpheroid  whofe  polar  dia- 
meter is  lefs  than  the  equatorial. 

This  arifes  from  the  centrifugal  force  of  its  parts  from  its  rotation 
about  its  axis.  According  to  Sir  I.  Newton,  in  lib.  3.  prop.  19.  the 
ratio  of  the  diameters  is  as  229  : 230,  which  makes  the  equatorial  ex- 
ceed the  polar  diameter  by  about  34  miles. 

98.  The  preceffion  of  the  equinoxes  arifes  from 
the  attraction  of  the  fun  and  moon  upon  the  parts 
of  the  earth,  exterior  to  that  of  a fphere  upon  the 
polar  diameter. 

Sir  I.  Newton,  in  lib.  1.  prop.  66.  cor.  20.  has  given  the  principles 
upon  which  this  motion  of  the  eartli  may  be  accounted  for;  but  in  his 
inveiligation  of  the  quantity  of  the  effeft  in  lib.  3.  prop.  39.  he  has 
fallen  into  an  error.  As  however  the  earth  is  not  homogeneous,  nor 
the  deniity  of  the  moon  accurately  known,  it  is  impoffible  to  compute 
the  true  quantity  with  certainty. 

99.  The  tides  arife  from  the  aClion  of  the  fun 
and  moon. 

The  general  principles  of  the  tides.  Sir  I.  Newton  has  explained 
in  lib.  1.  prop.  06.  cor.  19;  and  in  lib.  3.  prop.  24.  de  Syft.  Mundi , he 
ha.  fnown  that  they  will  account  for  all  the  phamomena. 
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Table  I.  continued. 
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Table  IV. 


For  converting  Deg.  Min.  and  Sec. 
into  Time,  at  the  Rate  of  360° 
for  24  Hours. 


Deg. 

Min. 

Hou. 

Min. 

Min. 

Sec. 

Deg. 

Min, 

Hou. 

Min. 

Min. 

Sec. 

Sec. 

Dec.  rtf 
Sec, 

I 

O. 

4 

30 

2. 

00 

I 

,067 

2 

O. 

8 

40 

2. 

40 

2 

>*33 

3 

O.' 

12 

5° 

3* 

20 

3 

,199 

4 

O. 

16 

60 

4- 

OO 

4 

,266 

5 

O. 

20 

70 

4- 

40 

5 

>333 

6 

O. 

24 

80 

5- 

20 

6 

>399 

7 

o. 

28 

90 

6. 

OO 

7 

,466 

8 

0. 

32 

100 

6. 

40 

8 

>533 

9 

0. 

36 

200 

13- 

20 

9 

>599 

10 

0. 

40 

30020. 

OO 

10 

,666 

20 

I. 

20! 

Table  V. 
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i.npHE  earth  contains  a mineral  fubflance 
X which  attracts  iron,  fteel  and  all  ferrugi- 
nous fubftances ; this  is  called  a natural  magnet  or 
toadjlone . 

The  fame  fubflance  has  the  power  to  communicate  its  properties  to 
iron,  fteel  and  all  ferruginous  fubftances;  the  bodies  to  which  thefe 
properties  are  communicated  are  called  artificial  magnets.  Thefe  mag- 
nets are  alfo  made  without  the  natural  magnet. 

2.  If  a magnet  be  fufpended  at  its  center  of 
gravity  upon  a point,  fo  that  it  may  revolve  in  an 
horizontal  plane,  one  end  will  be  conflantly 
turned  towards  the  north  pole  of  the  earth  and 
the  other  towards  the  fouth  pole.  The  end  di- 
re£ted  towards  the  north  pole  of  the  earth  is  called 
the  north  pole  of  the  magnet,  and  the  other  end  the 
fouth  pole.  This  is  called  a compafs. 

Every  magnet  has  two  poles  of  this  kind.  The  north  pole  is  not  di- 
redted  exadlly  towards  the  north  pole  of  the  earth;  the  prefent  varia- 
tion at  London,  is  about  23^°  towards  the  weft,  and  is  increafing.  In 
the  year  1637,  the  magnet  was  directed  exadlly  towards  the  north  pole. 
Before  that  time  it  was  diredted  towards  the  eaft;  but  ever  fince  that 
time  the  deviation  has  been  increafing  towards  the  weft.  In  different 
parts  of  the  earth’s  furface  the  deviation  is  different.  This  deviation 
from  the  north  is  called  the  variation  of  the  compafs.  The  variation 
at  the  fame  place  is  obferved  to  be  different  at  different  times  of  the 
year,  and  on  different  parts  of  the  day,  it  being  affedled  by  heat  and 
Cold. 

A great  circle  in  the  heavens  paffmg  through  thofe  two  points  of 
the  horizon  to  which  the  poles  of  a magnet  are  directed  is  called  the 
magnetic  meridian. 
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3.  If  two  magnets  be  fufpended  and  placed 
near  to  each  other,  the  fame  poles  will  repel  and 
the  contrary  will  attract  each  other. 

The  point  between  the  two  poles  where  the  magnet  has  no  attrac- 
tion nor  repulfion  is  called  the  jnagnetic  center.  This  point  is  not 
always  exactly  in  the  middle  between  the  two  poles. 

4.  If  two  magnets  be  made  to  fwim  upon  any 
fluid,  the  contrary  poles  will  attract  each  other  and 
bring  them  together ; and  the  fame  poles  will  repel 
and  feparate  them. 

5.  If  one  end  of  a magnet  be  drawn  along  a 
needle,  or  any  bar  of  iron  or  fteel,  feveral  times 
in  the  fame  diredtion,  the  needle  or  bar  will  be- 
come magnetic ; and  that  extremity  of  the  needle 
or  bar  which  the  magnet  touched  laft,  acquires  a 
polarity  contrary  to  that  of  the  end  of  the  magnet 
which  was  applied. 

6.  If  the  magnet  be  drawn  in  a contrary  direc- 
tion, it  will  take  away  the  magnetifm  which  it 
before  gave. 

7.  A bar  of  iron  or  fteel  not  magnetic  attracts 
a magnet  as  much  as  the  magnet  attracts  the  bar. 

8.  The  magnetic  power  will  be  increafed  in  two 
magnets  by  letting  them  remain  with  their  oppo- 
flte  poles  together. 

Magnetic  bars  Ihould  therefore  be  always  left  with  the  oppofite  poles 
laid  againft  each  other,  or  by  connediing  their  oppofite  poles  by  a bar 
of  iron;  if  the  like  poles  be  laid  together,  they  will  diminilh  or  de- 
ilroy  each  other’s  magnetifm. 

The  magnetic  power  will  be  increafed  in  a magnet,  by  letting  a 
piece  of  iron  remain  attached  to  one  or  both  of  its  poles.  A fingle 
magnet  fnould  therefore  be  always  thus  left. 

9.  A 
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9.  A bar  of  foft  fteel  acquires  magnetifm  fafter 
and  lofes  it  fafter  than  an  hard  bar. 

10.  To  find  whether  a bar  of  iron  or  fteel  be 
magnetic,  apply  one  end  to  the  needle,  and  if  it 
attract  both  ends  of  the  needle  it  is  not  magnetic ; 
but  if  it  attract  one  end  and  repel  the  other  it  is 
magnetic. 

11.  If  a magnetic  bar  be  broken  into  any  two 
parts,  each  part  becomes  a complete  magnet  having 
two  poles,  the  ends  of  each  next  to  where  it  was 
broken,  acquiring  a polarity  contrary  to  the  other 
end. 

12.  A magnet  will  attract  a piece  of  iron  or 
fteel,  although  any  other  body  fliould  interpofe, 
unlefs  that  body  be  red  hot. 

13.  The  attraction  between  two  magnets  begin 
at  a greater  diftance  than  between  a magnet  and 
a piece  of  iron ; but  when  in  contadt  the  magnet 
attracts  the  magnet  with  lefs  force  than  it  attradls 
the  iron. 

It  appears  from  hence,  that  the  attraflion  varies  fafter  in  the  latter 
cafe  than  in  the  former. 

14.  If  the  contrary  poles  of  a ftrong  and  weak 
magnet  be  placed  together,  it  often  happens  that 
the  weaker  will  have  its  poles  changed,  depending 
upon  their  different  ftrengths. 

Without  attending  to  this  it  might  appear  that  the  fame  poles  at- 
tratt  each  other.  But  this  happens  for  the  fame  reafon  that  a magnet 
will  give  magnetifm  to  any  piece  of  iron ; it  firft  deftroys  the  fame 
magnetifm  and  then  gives  it  a contrary  one. 

15.  If  a bar  or  needle  be  laid  in  the  magnetic 
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meridian  and  an  electrical  ftroke  be  fent  through 
it,  that  end  towards  the  north  acquires  a north 
polarity,  and  the  other  the  fouth  polarity. 

1 6.  If  a bar  of  foft  iron  be  kept  vertical  for 
fome  time  in  thefe  parts  of  the  earth,  it  becomes 
magnetic,  and  the  lower  end  will  acquire  a north 
polarity ; but  in  the  fouthern  parts  of  the  earth  it 
acquires  a fouth  polarity:  if  you  invert  the  bar  its 
polarity  will  be  inftantly  reverfed. 

17.  A long  bar  of  iron  or  fleel,  or  a long  piece 
of  wire,  fuppofe  3 or  4 feet,  may  have  feveral  poles, 
the  north  and  fouth  following  one  another  with 
a magnetic  center  between  each. 

1 8 . An  iron  bar  which  in  one  pofition  will  at- 
tradl  one  end  of  a magnet,  will  when  held  in  an- 
other pofition  repel  it. 

19.  If  a magnet  be  fufpended  by  an  horizontal 
axis  at  its  center  of  gravity,  fo  that  it  may  vibrate 
in  a vertical  circle,  the  north  pole  will  here  be  de- 
preffed  and  the  fouth  pole  elevated;  in  the  fouth- 
ern parts  of  the  earth,  the  contrary  takes  place ; 
and  the  dip  alters  gradually  from  one  hemifphere 
of  the  earth  to  the  other. 

This  inftrument  is  called  the  dipping  needle;  and.  like  the  pofition 
when  moving  in  an  horizontal  plane,  the  dip  is  fubjedl  to  a variation. 
The  dip  at  London,  at  this  time  is  about  72^°,  and  from  the  mod  ac- 
curate obfervations  cn  that  dipping  needle  belonging  to  the  Royal 
Society,  it  appears  to  diminifh  about  1 5'  in  4 years.  In  going  from 
the  north  to  the  fouth,  the  dip  does  not  alter  regularly.  As  it  is  ex- 
tremely difficult  to  balance  the  needle  accurately,  the  poles  of  the 
needle  are  generally  reverfed  by  a magnet,  fo  that  its  two  ends  may 
dip  alternately,  and  the  mean  of  the  two  is  taken. 

The  phenomena  of  the  compafs  and  dipping  needle , and  of  the  mag- 
netifrn  acquired  by  an  iron  bar  in  a vertical  polition,  leave  no  room  to 
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doubt  but  that  the  caufe  exifts  in  the  earth.  Dr.  Halley  fuppofed 
that  the  earth  has  within  it  a large  magnetic  globe,  not  fixed  within 
to  the  external  parts,  having  four  magnetic  poles,  two  fixed  and  two 
moveable,  which  will  account  for  all  the  pluenomena  of  the  compafs 
and  dipping  needle.  This  would  make  the  variation  fubjett  to  a con- 
ftant  law,  whereas  we  find  caufual  changes  which  cannot  be  accounted 
for  upon  this  hypothefis.  This  the  Doftor  fuppofes  may  arife  from 
an  unequal  and  irregular  diftri'oution  of  the  magnetical  matter.  The 
irregular  diftribution  alfo  of  ferruginous  matter  in  the  fhell  may  aifo 
caufe  fome  irregularities.  Mr.  Cavallo’s  opinion  is,  that  the  mag- 
netifin  of  the  earth  arifes  from  the  magnetic  fubftances  therein  con- 
tained, and  that  the  magnetic  poles  may  be  conlidered  as  the  centers 
of  the  polarities  of  all  the  particular  aggregates  of  the  magnetic  fub- 
fiances;  and  as  thefe  fubftances  are  fubjeft  to  change,  the  poles  will 
change.  Perhaps  it  may  not  be  eafy  to  conceive  how  thefe  fubftances 
can  have  changed  fo  materially,  as  to  have  caufed  fo  great  a variation 
in  the  poles,  the  pofition  of  the  compafs  having  changed  from  the  eaft 
towards  the  weft  about  33°  m 200  years.  Alfo  the  gradual,  though 
not  exaftly  regular,  change  of  variation  fhows,  I think,  that  it  cannot 
depend  upon  the  accidental  changes  which  may  take  place  in  the  mat- 
ter of  the  earth.  Dr.  Halley  firft  laid  down  charts  of  the  variation 
of  the  compafs,  drawing  curve  lines  through  all  thofe  places  where  the 
variation  is  the  fame.  Thefe  curve  lines  never  cut  one  another.  If 
a dipping  needle  be  carried  from  one  end  of  a magnetic  bar  to  the 
other,  when  it  ftands  over  the  fouth  pole  the  north  end  of  the  needle 
will  be  directed  perpendicularly  to  it;  as  the  needle  is  moved,  the  dip 
will  grow  lefs,  and  when  it  comes  to  the  magnetic  center  it  will  ftand 
parallel  to  the  bar;  afterwards  the  fouth  end  will  dip,  and  the  needle 
will  ftand  perpendicular  to  the  bar  when  it  is  direftly  over  the  north 
pole.  A bar  thus  ufed  is  called  a terella , or  little  earth,  the  pheno- 
mena being  fimilar  to  thofe  of  carrying  a dipping  needle  from  the  north 
to  the  fouth.  According  to  Dr.  Halley’s  Hypothefis,  the  pole  of 
the  magnet  within  the  earth,  which  makes  our  needle  dip  here  has  a 
fouth  polarity,  as  it  attracts  that  which  we  call  the  north  pole  of  the 
needle ; and  the  contrary  pole  muft  have  a north  polarity.  The  aurora 
borealis  appears  to  have  an  affe£l  upon  the  needle,  as  it  has  often  been 
obferved  to  be  diftarbed  when  that  phenomenon  has  appeared  very 
ftrong. 
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i .T  F a glafs  tube  be  rubbed  with  filk,  or  if  a 

A globe  or  cylinder  be  turned  about  its  axis 
and  rub  againft  a cufhion  covered  with  filk,  fparks 
and  flafhes  of  fire  will  dart  from  them.  This  is 
called  ele£lricity ; and  the  luminous  matter  is  called 
the  ele6tric  fluid. 

The  excitation  will  be  ftronger  if  upon  the  filk  you  put  fome  amal- 
gam, ufually  made  with  five  parts  of  quickfilver  and  one  of  zinc. 

The  bodies  which  you  can  thus  excite  are  called  defines-,  thofe 
which  you  cannot  excite  are  called  non-elefirics.  Tiiofe  bodies  which 
being  applied  to  an  excited  elefiric  receive  and  tranfmit  the  fluid  are; « 
called  condufiors ; thofe  which  will  not  tranfmit  the  fluid  are  called  non - 
condufiors.  Every  elefiric  is  a non-condufior,  and  every  non-elefiric  is 
a condufior.  The  elefirics,  or  non-conduflors,  are  glafs,  fealing-wax, 
rofins,  amber,  fulphur,  baked  wood,  filk,  &c.  &c.  The  non-eleftrics, 
or  condufiors,  are  metals,  ores,  quickfilver,  all  fluids  except  air  and 
oils,  moft  faline  fubtlances,  ftony  fubftances,  green  wood,  ftc.  &c. 
Amongft  thefe,  metals  are  the  beft  condufiors.  A body  is  faid  to  be 
inful  at  ed  when  it  is  fupported  by  non- condufiors  only.  The  elefiric 
fluid  is  generally  excited  by  a cylinder  and  cufhion,  and  againft  the 
cylinder  an  infulated  condufior,  called  the  prime  condufior,  is  placed  to 
receive  and  contain  the  fluid  as  it  is  excited.  The  cufhion  is  infulated, 
but  that  infulation  may  be  taken  away  by  hanging  a chain  from  it  to 
the  ground. 

2.  If  an  elefiric  tube  be  excited,  it  will  firfl  at- 
tra£l  and  then  repel  light  bodies,  as  fmall  pieces  of 
paper,  thread,  metal,  &c.  &c.  The  condufior  will 
alfo  do  the  fame. 
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3.  If  two  light  pith  or  cork  balls  be  hung  to- 
gether from  a non-condudtor,  or  be  infulated  in 
any  manner,  when  brought  near  the  prime  con- 
ductor they  will  repel  each  other. 

4.  If  an  infulated  conductor  be  connedted  with 
the  cufhion,  and  there  be  two  pith  or  cork  balls 
infulated  and  eledtrified  by  it,  thefe  balls  repel  each 
other. 

5.  If  one  infulated  ball  be  eledtrified  by  the 
prime  condudtor,  and  another  by  the  conductor 
on  the  cufhion,  when  brought  together  they  will 
attradt  each  other. 

6.  If  one  ball  be  electrified  by  a fmooth  excited 
glafs  tube,  and  the  other  by  an  excited  cylinder  of 
fealing-wax  or  rofm,  they  will  attradt  each  other. 

7.  If  one  hall  be  electrified  by  a fmooth  and  the 
other  by  a rough  excited  glafs  tube,  they  will  at- 
tradt each  other. 

8.  If  a ball  be  eledtrified  by  any  excited  body, 
it  will  attradt  a body  not  eledtrified. 

It  appears  from  thefe  experiments  that  there  are  two  different  elec- 
tric powers;  that  from  the  prime  condudtor,  or  fmooth  glafs  tube,  is 
called  pc/itive,  and  fometimes  vitreous  eledlricity;  that  from  the  cufhion, 
fealing  - wax,  rofin  or  rough  glafs  tube  is  called  negative,  and  fometimes 
reJJnous  eledlricity. 

Hence  the  following  properties  of  eledlric  attradlion  and  repulfion. 

1.  If  two  bodies  be  eledtrified  both  pofitively  or  both  negatively, 
they  repel  each  other. 

2.  If  one  be  eledtrified  pofitively  and  the  other  negatively,  they 
will  attradt  each  other. 

3.  A body  eledtrified  either  pofitively  or  negatively  will  attradt  a 
body  not  eledtrified. 
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HYPOTHESES. 

Refpedting  the  theory  of  eledtricity  there  are  two  different  Hypo- 
thefes,  one  that  there  is  only  one  fluid,  and  the  other  that  there  are 
two.  Dr.  Franklin’s  Hypothefls  is,  that  there  is  only  one  fluid, 
and  this  theory  depends  on  the  following  principles,  i.  That  all  ter- 
reflrial  bodies  are  full  of  the  eledtric  fluid.  2.  That  the  eledtric  fluid 
violently  repels  itfelf  and  attracts  all  other  matter.  3.  By  exciting  an 
eledtric  the  equilibrium  of  the  eledtric  fluid  contained  in  it  is  deftroyed, 
and  one  part  contains  more  than  its  natural  quantity,  and  the  other  lefs. 
4.  Conducing  bodies  connedted  with  that  part  which  contains  mord 
eledtric  fluid  than  its  natural  quantity,  receive  it,  and  are  charged  with 
more  than  their  natural  quantity  ; this  is  called  pofitive  electricity ; if 
they  be  connected  with  that  part  which  has  lefs  than  its  natural  quan- 
tity, they  part  with  fome  of  their  own  fluid,  and  contain  lefs  than  their 
natural  quantity;  this  is  called  ?iegative  eledtricity.  5.  When  one  body 
pofitively  and  another  negatively  eledtrified  are  connedted  by  any  con- 
ducting fubllance,  the  fluid  (in  the  body  which  is  pofitively  eledtrified 
rufhes  to  that  which  is  negatively  eledtrified,  and  the  equilibrium  is 
reltored.  Thefe  are  the  principles  of pofitive  and  negative  eledtricity. 
The  other  Hypothefls  is,  that  there  are  two  diftindt  fluids;  this  was  firfl 
fuggefled  by  Mr.  Du  Faye,  upon  his  difcovery  of  the  different  pro- 
perties of  excited  glafs,  and  excited  rofins,  fealing-wax,  fulphur,  &c. 
The  following  are  the  principles  of  this  theory.  1.  That  the  two 
powers  arife  from  two  different  fluids  which  exift  together  in  all  bodies. 
2.  That  thefe  fluids  are  feparated  in  non-eledtrics,  by  the  excitation  of 
eledtrics,  and  from  thence  they  become  evident  to  the  fenfes,  they  de- 
ftroying  each  others  effedls  when  united.  3.  When  feparated  they 
rufh  together  again  with  great  violence  in  confequence  of  their  ftrong 
mutual  attradHon,  as  foon  as  they  are  connedted  by  any  conducting 
fubllance.  Thefe  are  the  principles  of  vitreous  and  refinous  eledtricity. 
This  is  the  theory  of  Mr.  Eeles  from  the  hint  of  two  fluids  by  Mr. 
Du  Faye. 

9.  The  eledlric  fluid  is  received  from  the  earth. 

For  if  the  rubber  be  infulated  no  eledtricity  can  be  produced. 

A jar  or  phial  coated  on  the  inflde  and  outfide  with  tinfoil,  except 
about  2 inches  on  the  top,  is  called  the  Leyden  phial  or  jar,  the  ufes  of 
which  in  eledtricity  having  been  difcovercd  at  Leyden,  by  Mr.  Mus- 
chenbroek. 

10.  If  a brafs  wire,  with  a ball  on  the  top,  be 
put  into  the  Leyden  phial,  and  the  ball  be  applied 
to  the  prime  conduftor  when  eleftrified,  and  the 
outfide  be  connected  with  the  earth  by  condu&ors, 
the  infide  will  be  charged  with  the  pofitive,  and 
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the  outfide  with  the  negative  electricity ; and  if  a 
communication  be  formed  by  a conducting  fub- 
ftance  between  the  infide  and  the  outfide,  an  ex- 
plofion  will  be  heared,  and  the  phial  will  be  dis- 
charged. 

The  communication  may  be  made  by  a number  of  perfons  taking 
hold  of  each  others  hand,  when  each  perfon  will  receive  a Ihock. 

If  this  be  explained  by  the  firft  hypothefis,  the  infide  of  the  jar  is 
faid  to  have  more  than  its  natural  quantity  of  the  eleftric  fluid,  and 
the  outfide  as  much  lefs  than  its  natural  quantity,  one  always  gaining 
exactly  as  much  as  the  other  lofes.  If  it  be  explained  by  the  fecond 
hypothefis,  the  infide  of  the  jar  is  faid  to  have  received  a certain  quan- 
tity of  the  vitreous  fluid,  and  the  outfide  as  much  of  the  refinous. 

11.  If  the  ball  of  the  phial  be  applied  to  the 
conduClor  on  the  cufhion,  the  infide  will  be  charged 
with  the  negative  and  the  outfide  with  the  pofitive 
eleCiricity. 

As  it  is  neceflary  for  many  experiments  to  collect  a large  quantity 
of  this  fluid,  a great  many  phials  are  placed  together,  having  their  out- 
fides  and  infides  refpeftively  connected,  in  confequencc  of  which  they 
may  all  be  difeharged  together.  This  is  called  a battery. 

12.  If  the  outfide  of  an  infulated  phial  be  con- 
nected with  the  prime  conductor,  and  the  infide 
of  another  phial  with  the  infide  of  that,  the  out- 
fide of  the  latter  having  a communication  with  the 
earth,  both  will  be  equally  charged. 

In  this  cafe  the  infide  of  the  fecond  phial  has  received  as  much  fluid 
from  the  infide  of  the  firft,  as  the  outfide  thereof  received  from  the 
machine. 

13.  If  a phial  be  infulated,  it  cannot  be  charged 
by  applying  the  knob  from  the  wire  within  to  the 
conductor. 

14.  Place  an  infulated  phial  fo  that  its  knob 
may  be  about  half  an  inch  from  the  conductor, 
and  whillt  the  cylinder  is  turning,  hold  a brafs 
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knob  near  the  coating  of  the  jar,  and  it  will  re- 
ceive a fpark  from  the  coating  for  every  one  that 
pailes  from  the  conductor  to  the  knob. 

Thefe  two  laft  fadls  prove,  according  to  Dr.  Franklin’s  Hypo- 
thefts,  that  the  infide  can  receive  no  fluid,  unlefs  an  equal  quantity 
goes  off-  from  the  outftde. 

15.  Place  the  knob  of  an  infulated  bottle  in 
contact  with  the  prime  conductor,  and  connect 
the  outfide  coating  with  the  cufhion,  and  the  bot- 
tle will  be  charged  with  its  own  electricity,  the  fire 
going  from  the  outfide  round  by  the  cufhion  into 
the  infide. 

16.  Hang  a fmall  linen  thread  near  the  coating 
of  an  electrified  phial,  and  touch  the  wire  from 
the  infide,  and  at  every  touch  the  thread  will  be 
attracted  by  the  coating. 

This  Dr.  Franklin  gave  as  a proof  of  his  Hypothefis;  for  as  the 
fire  was  taken  from  the  infide,  the  outfide  drew  in  an  equal  quantity 
by  the  thread. 

17.  When  a phial  is  charged,  the  fluid  refides 
in  the  glafs,  and  not  in  the  coating. 

18.  If  a phial  be  infulated,  and  its  knob  con- 
nected to  the  prime  conductor,  and  the  machine 
be  put  in  motion,  a certain  quantity  of  eleCtric 
fluid  will  be  added  to  the  infide ; for  if  you  touch 
the  outfide,  a quantity  nearly  equal  to  that  thrown 
in  comes  from  it. 

This  experiment  is  ufed  by  Dr.  Grey  againft  Dr.  Franklin’s 
Hypothefis,  as  here  was  a certain  quantity  of  fluid  thrown  into  the  in- 
fide without  any  coming  from  the  outfide. 

19.  If  a quire  of  paper  be  fufpended  fo  that  it 
may  vibrate  freely,  and  an  electrical  charge  be  fent 
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through  it,  it  will  give  it  no  motion,  but  the  leaves 
will  be  protruded  both  ways  from  the  middle. 

Upon  fuppofition  that  there  is  only  one  fluid,  it  has  appeared  extra- 
ordinary that  it  fhould  not  give  the  paper  any  motion.  But,  as  Mr. 
Atwood  obferves,  fiich  a velocity  to  the  fluid  may  be  afligned  as  fliall 
give  a finaller  angular  velocity  to  the  paper  than  any  that  can  be  af- 
figned,  and  we  know  no  limit  to  the  velocity  ol  the  eleCtric  fluid.  But 
the  oppofite  directions  in  which  the  leaves  are  protruded,  tends  to 
itrengthen  the  opinion  of  two  fluids  coining  in  an  oppofite  direction. 

2c.  Infulate  a charged  bottle,  and  let  a cork  ball, 
fufpended  by  filk,  hang  againft  the  outfide ; touch 
the  knob,  and  the  ball  flies  off  electrified  with  the 
refinous  power. 

In  this  cafe,  fays  Mr.  Eeles,  can  any  Franklinian  fuppofe,  that  it 
is  the  return  of  the  pofitive  power  to  the  outfide  of  the  glafs,  that  elec- 
trifies the  ball  negatively  ? He  further  obferves,  that  it  is  abfurd  to  fup- 
pofe that  bodies  negatively  eleCtrified  are  deprived  of  their  natural 
fhare  of  eleCtricity;  it  being  a contiadiclion  to  imagine,  that  bodies 
will  repel  each  other  the  more,  the  more  they  are  diveited  of  the  power 
of  repulfion. 

21.  If  a brafs  wire  and  ball  be  fixed  to  the  end 
of  tlie  conductor,  and  another  ball  be  prefented  to 
it,  a crooked  fpark  will  pafs  from  one  to  the  other, 
when  the  machine  is  highly  charged. 

The  larged  fparks  proceed  from  that  end  of  the  conductor  which  is 
furtheft.from  the  cylinder,  and  is  nearly  in  proportion  to  the  furface 
of  the  conductor. 

22.  If  you  prefent  only  a pointed  wire,  the  elec- 
tric fluid  will  pais  to  it  with  a hiding  noife  and 
in  a continual  ftream.  The  fame  follows,  if  you 
prefent  a ball  to  a point  from  the  conductor.  If 
both  be  points,  the  electricity  is  more  readily  dis- 
charged. 

Hence  pointed  conductors  are  put  upon  buildings  in  order  to  draw 
ofl  the  eleCtric  matter  gradually  from  the  clouds,  by  which  they  may 
prevent  an  accumulation  of  the  fluid  in  the  clouds,  and  thereby  a ftroke 
of  lightning  may  be  avoided.  If  a ftroke  fhould  happen  to  tall  by  the 
hidden  coming  of  a cloud  over  charged,  the  conductor  may  carry  it 
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oft'  without  its  hurting  the  building.  The  condu&ors  ftiould  be  ele- 
vated two  or  three  yards  above  the  building,  and  the  more  there  are 
put  upon  different  parts  of  the  building,  the  greater  will  be  the  fafety. 

23.  The  eleCtric  fluid  appears  a diverging  ftream 
from  a point  electrified  pofitively,  and  like  a fmall 
ftar  from  a point  negatively  eleCtrified. 

It  is  inferred  from  hence,  that  the  fluid  goes  from  the  point  eleflri- 
fied  pofitively,  as  a fluid  diverging  from  a point  will  neceflarily  put 
on  the  appearance  obferved  from  the  point  electrified  pofitively;  and 
that  it  goes  to  the  point  eleClrified  negatively,  for  as  the  point  is  fur- 
rounded  with  the  fluid,  it  muff  break  upon  it  all  round  from  the  fame 
diftance,  and  therefore  put  on  the  appearance  of  a ftar.  This  experi- 
ment feems  to  be  in  favour  of  only  one  fluid;  for  if  there  were  two 
fluids  pafling  in  oppofite  directions,  it  would  not  be  eafy  perhaps  to 
account  for  the  different  appearances  in  the  two  points. 

24.  If  the  difcharge  of  a phial  be  made  through 
the  flame  of  a candle,  the  flame  will  be  driven  to- 
wards that  part  which  is  eleCtrified  negatively. 

25.  If  the  difcharge  be  made  through  a pith 
ball,  it  will  be  driven  towards  that  part  which  is 
eleCtrified  negatively. 

Thefe  two  experiments  favour  the  doCtrine  of  a Angle  fluid. 

26.  Prefent-  a thin  exhaufted  flalk  to  the  con- 
ductor, the  flalk  will  be  illuminated,  and  will  have 
the  appearance  of  the  aurora  borealis. 

27.  Gunpowder  and  fpirits  may  be  fired  by  the 
eleCtric  fluid. 

28.  The  eleCtric  fluid  is  communicated  through 
the  body  of  the  conductor,  and  not  upon  its  fur- 
face. 

29.  The  eleCtricity  which  is  communicated  to 
a body  lies  on  its  furface. 

For  the  quantity  which  a body  receives  is  obferved  to  be  in  propor- 
tion to  its  furface,  and  not  to  its  folid  content. 

30.  Smoke, 
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30.  Smoke,  and  the  vapour  of  hot  water,  will 
conduct  the  eleCtric  fluid. 

31.  A pane  of  glafs  may  be  electrified  on  both 
fides  with  the  fame  power. 

32.  Cover  two  large  boards  with  tinfoil,  place 
them  parallel,  and  connect  one  infulated  with  the 
prime  conductor,  and  the  other  with  the  ground. 
Turn  the  machine,  and  the  former  will  be  elec- 
trified pofitively  and  the  latter  negatively  j and  the 
air  between  them  keep  the  two  powers  afunaer. 

Thus  a plate  of  air  is  charged. 

/ 

33.  If  there  be  two  different  conductors  to  make 
a difcharge,  the  difcharge  will  always  be  made 
through  that  which  conducts  beft,  every  thing 
elfe  being  the  fame. 

34.  If  the  conductors  be  the  fame,  but  one 
fhorter  than  the  other,  the  difcharge  will  be  made 
through  the  fhorteft. 

35.  If  two  eleCtric  plates  be  charged,  and  a 
communication  be  formed  between  the  vitreous 
fide  of  one  and  the  refinous  of  the  other,  no  dif- 
charge will  follow,  unlefs  a communication  be 
formed  between  the  other  two  fides  at  the  fame 
time. 

Upon  this  Mr.  Atwood  has  made  the  following  obfervations.  The 
natural  electricity  in  the  atinofphere  is  frequently  difcharged  in  this 
manner:  Two  clouds  being  eleCtrified  with  oppofite  powers,  the  fur- 
faces  of  the  earth  immediately  under  them  are  likev.ife  eleftrified  with 
powers  contrary  to  thofe  in  the  clouds  above  them;  and  the  moiiture  of 
the  earth  forming  a communication  between  the  two  contiguous  charged 
furfaces,  whenever  the  two  clouds  meet,  there  will  follow  a difcharge, 
both  of  the  clouds  and  furfaces  on  the  earth  oppofed  to  them.  If  th^ 
earth  fhould  be  dry,  and  conlequently  afford  a refiftance  to  the  union 
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of  the  two  electricities  accumulated  on  or  under  its  furface,  there  will 
follow  an  explofion  in  the  earth  as  well  as  in  the  atmofphere,  which 
will  produce  concuflions  and  other  phenomena  which  have  frequently- 
been  obferved  to  happen  in  dry  feal'ons,  particularly  in  thofe  climates 
which  are  the  molt  liable  to  itorms  of  thunder  and  lightning. 

36.  If  a kite  be  raifed  in  the  air  with  a proper 
firing,  the  firing  is  obferved  to  condudl  a quantity 
of  the  electric  fluid  from  the  air. 

Mr.  Cavallo  deduced  the  following  circumllances  from  his  ex- 
periments. 

1.  The  air  is  always  eleClrified  pofitively,  and  more  in  frofty  than 
in  warm  weather. 

2.  The  prefence  of  the  clouds  generally  leffen  the  eleCtricity;  fome- 
times  it  has  no  effeCt,  and  it  very  feldom  increafes  it  a little. 

3.  When  it  rains  the  eleCtricity  is  generally  negative,  and  very  fel- 
dom politive. 

4.  The  aurora  borealis  feems  not  to  effeCt  the  eleCtricity. 

Dr.  Franklin  has  obferved  that  the  clouds  are  fometimes  nega- 
tively eleCtrified. 

Mr.  Ac  hard  obferved  the  eleCtricity  of  the  atmofphere  with  a pair 
of  pith  balls  attached  to  a refmous  rod  placed  above  the  roof  of  an 
houfe.  This  electrometer,  from  its  hmplicity,  is  preferable  to  any 
other  for  difcovering  merely  when  any  electricity  exifts  in  the*  at- 
mofphere. 

ON  THE  ANALOGY  AND  DIFFERENCE  BETWEEN 
MAGNETISM  AND  ELECTRICITY. 

The  power  of  electricity  is  of  two  forts,  pofitive  and  negative; 
bodies  po/felTed  of  the  fame  fort  of  eledricity  repel  each  other,  and 
thofe  poflelfed  of  different  forts  attraCt  each  other.  In  magnetifm, 
every  magnet  has  two  poles,  one  of  which  always  Hands  towards  the 
north,  and  the  other  towards  the  fouth ; the  fame  poles  repel  each  other, 
and  the  contrary  poles  attraCt  each  other. 

In  electricity,  when  a body  in  its  natural  Hate  is  brought  near  to 
cne  eleCtrined,"  it  acquires-  a contrary  eleCtricity  and  becomes  attracted 
by  it.  In  magnetifm,  when  a ferruginous  fubltance  is  brought  near  to 
one  pole  of  a magnet,  it  acquires  a contrary  polarity,  and  becomes  at- 
tracted by  it. 

One  fort  of  eleCtricity  cannot  be  produced  by  itfelf.  In  like  man- 
ner, no  body  can  have  only  one  magnetic  pole. 

The  eleCiric  virtue  may  be  retained  by  el cttrics,  but  it  eafily  per- 
vades non-dcilrics.  The  magnetic  virtue  is  retained  by  ferruginous 
bodies,  but  it  eafily  pervades  other  bodies. 
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On  the  contrary,  the  magnetic  power  differs  from  the  eledtric,  in 
that  it  does  not  affedt  the  fenfes  with  light,  fmell,  tafte  or  noife,  as  the 
eledtric  does. 

Magnets  attradt  only  iron,  whereas  the  eledtric  power  attracts  bodies 
of  every  fort. 

The  eledtric  virtue  refides  on  the  furface  of  eledtrified  bodies,  whereas 
the  magnetic  is  internal. 

A magnet  lofes  nothing  of  its  power  by  magnetizing  other  bodies ; 
but  an  eledtrified  body  lofes  part  of  its  eledtricity  by  eledtrifying  other 
bodies. 

Mr.  Cavallo  thinks  thefe  are  the  principal  points  of  analogy  and 
difference  between  magnetifm  and  eledtricity. 
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'ADDENDA. 

In  mechanics , to  prop.  17.  add  this  corollary. 

Hence  the  motion  in  any  given  dire&ion  is  not  altered  by  compo- 
fition. 

To  the  fecond  obfervation  to  prop.  21.  add. 

Hence  if  the  back  and  two  fides  be  P>,  S,  S'  refpeetively,  then  P , R 

and  R!  will  be  as  — , - and  — . 

p r r 

In  optics,  prop.  27.  cor.  r.  and  prop.  57.  obfer.  1.  by  the  “apparent 
magnitudes  of  the  image  and  objeft”  is  underdood,  the  angles  which 
they  fubtend  at  the  eye,  and  not  the  apparent  magnitudes  according 
to  the  judgement  which  the  mind  forms  of  them. 


CORRIGENDA. 

Pag.  13.  1.  lad  but  2,  for  three-fourths,  read  three-fifths.  Pag.  15. 
1.  30.  for  will,  read  may.  Pag.  25.  I.  7.  for  FV<v,  read  FTv,  Pag. 
136.  1.  lad,  for  68,  read  67. 


The  purchafers  of  my  practical  astronomy, 
are  requefted  to  make  the  following  corrections. 

Pag.  2.  1.  lad,  for  7^,  read  Pag.  4.  1.  20,  for  7i5,  read 
Pag.  40.  1.  1 7.  for  latter,  read  former ; and  1.  18.  for  former,  read  latter. 
Pag.  43.I.  lad  but  1,  for  at  an  alt.  440.22',  read  in  alt.  an  azim.  44°.22'; 
and  1.  lad,  for  ,2334  of  a degree  — ,9336',  read  2',  334  — 9", 336  z* 
time.  Pag.  47.  1.  27.  for  beloisj,  read  above.  Pag.  64.  1.  24.  for  4"', 
read  4'.  Pag.  97.  1.  7.  for  a,  read  c.  Pag.  133.  1.  19.  for  images , 
read  limbs.  Pag.  170.  1.  20.  for  28,  read  4.  In  the  errata,  for  Dr. 
Usher,  Profeflor  of  Adronomy,  at  Dublin,  read  Mr.  Rams  den. 
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